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CHAPTER I  
.INTRODUCTION
When ..an i n d i v i d u a l  p e r f o r m s  v i g o r o u s  p h y s i c a l  a c t i v i t i e s  
o v e r  a n  e x t e n d e d  p e r i o d  ...of t im e  he becomes aware ,  o f  . . .specif  i c  p h y s ­
i c a l  c h a n g e s  taking. ,  p l a c e  w i t h i n  t h e  bo d y ,  Through,  p h y s i c a l
e x e r c i s e  he e x p e c t s  t o  im prove  m u s c u l a r  s t r e n g t h ,  m o to r  S k i l l s ,
.and  c i r c u l a t i o n  (2^-),  I f  w o r k o u t s  a r e  f o l l o w e d  f a i t h f u l l y .he w i l l  
.be a.ble t o  a c c o m p l i s h  a - g r e a t e r  amount  o f  work w i t h  l e s s  . . f a t i g u e  
t h a n  was p o s s i b l e  p r i o r  t o  t h e  t r a i n i n g  p e r i o d .  Im provem ent  o f  
t h e  c i r c u l a t o r y  system... i s  r e f l e c t e d ,  by a  d e c r e a s e  i n .  t h e  h e a r t  
r a t e  . .dur ing r e s t  and  by  t h e  d e c r e a s e  i n - t h e  amount, of. . t im e  
' r e q u i r e d  f o r  t h e  h e a r t  r a t e  t o  r e t u r n  t o  n o rm al  a f t e r  t h e  e x e r c i s e .
The r o l e  e-xe-rcise p l a y s  i n  p r o m o t i o n  o f  p h y s i c a l  f i t ­
n e s s  i s - b a c k e d  by many s o u r c e s . Accompanying im provem ent  i n
. .ph y s ic a l .  .fi.tnes.s.-.an i n d i v i d u a l  a l s o  e x p e r i e n c e s  a f e e l i n g  o f  
g r e a t e r  v i t a l i t y  a nd  . g e n e r a l  r e l a x a t i o n  o f  t h e  e m o t i o n s  ( 2 ^ ) ,
The p u r p o s e  o f  t h i s  p a p e r  i s  t o  d e t e r m i n e  i f  e x e r c i s e  d o e s  
have c a t h a r t i c  c a p a c i t i e s  i n  r e l a t i o n  t o  e m o t i o n a l  o r  p s y c h i c  
s t r e s s .
S t u d i e s  i n  t h i s  a r e a  o f t e n  become'  q u i t e  c o n f u s i n g  d u e • 
t o  the...many d e f i n i t i o n s  . -g iven t o  t h e  t e r m  s t r e s s , .  O f ten ,  t h e  
■ t e r m s  s t r e s s ^  t h e  s t r e s s o r ,  a n x i e t y ,  f r u s t r a t i o n , ,  and  a g g r e s ­
s i o n  have  b e e n  u s e d . i n t e r c h a n g e a b l y . I n  t h i s  s t u d y  t h e  f i r s t  
c o n c e r n  was t o  e s t a b l i s h  a n  o p e r a t i n g  d e f i n i t i o n  o f  t h e  t e r m  
s t r e s s .
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Hans S e l y e  f i r s t  d e s c r i b e d  s t r e s s  a s  t h e  r a t e  o f  w e a r  and  
t e a r  i n  t h e  b o d y .  L a t e r  he l e n g t h e n e d  t h e  d e f i n i t i o n  t o  a " S t a t e  
m a n i f e s t e d  by  a  s p e c i f i c  syndrome w h ic h  c o n s i s t s  o f  a l l  t h e  n o n -  
s p e c i f i c a l l y  i n d u c e d  c h a n g e s  w i t h i n  a  b i o l o g i c  sy s tem #"  (28).* 
Se ly e .  u s e d  t h e  c o n c e p t  s t r e s s o r  "As t h a t  w h ich  s t i m u l a t e s  s t r e s s , "  
P h y s i c a l  s t r e s s o r s  a r e  t h o s e  e n e r g i e s  i m p i n g i n g  on o r g a n i s m s  
w h ich  p r o d u c e  d i r e c t  p h y s i c a l  e f f e c t s .  The s y m b o l ic  o r  p s y c h i c  
s t r e s s o r  i s  t h a t  w h ic h  r e s u l t s  f rom a  t h r e a t  t o  t h e  i n d i v i d u a l s ,
a v e r s i v e  s t i m u l i  i n  g e n e r a l . ,  c h a n g e s ,  i n  e x p e c t e d  .m ea n in g s  and
i n f o r m a t i o n a l ,  o v e r l o a d s  ( 3 2 ) ,  S t r e s s  ..may be d e r i v e d  f rom  e i t h e r  
o r  a c o m b i n a t i o n  o f  t h e  two s t r e s s o r s .
Ganong (3 5 )  d e f i n e s  s t r e s s  a s  a n y  o f  the.. .mult l tu .d e .  o f
s t i m u l i . . . t h a t  r e s u l t  i n  an  i n c r e a s e d  l i b e r a t i o n  o f  ACTH from  t h e  
a n t e r i o r  p i t u i t a r y  g l a n d .  T h i s  i s  a  v e r y  s p e c i f i c  d e f i n i t i o n  
and  i s  more s u i t a b l e  f o r  a  s t u d y  o f  t h e  p h y s i o l o g i c a l  a s p e c t s  
o f  s t r e s s  t h a n  f o r  t h e  p s y c h o p h y s i o l o g i c a l . The AMA d e f i n e d  
p s y c h o l o g i c a l  s t r e s s  d u r i n g  t h e  .1956 c o n v e n t i o n ;  " P s y c h o l o g i c a l  
s t r e s s  r e s u l t s  f rom  a n y  e x t e r n a l  t h r e a t ,  f rom  a n y  . . i n t e n s i f i c a ­
t i o n  o f  i n s t i n c t u a l . d r i v e s  o r  f rom  a n y  h e i g h t e n i n g  o f  t h e  d e ­
mands o f  c o n s c i o u s  w h ich  . c h a l l e n g e s  t h e  c a p a c i t i e s  o f  t h e  p e r s o n  
t o  m a i n t a i n  a  b a l a n c e  b e tw e e n  h i s  n e e d s  and  h i s  s a t i s f a c t i o n s . "  
( 1 7 ) .  Hermann (1 6 )  c l a r i f i e d  t h i s  more e x t e n s i v e l y  a s  she  
s t a t e d s
" P s y c h o l o g i c a l  s t r e s s  o c c u r s  when a s i t u a t i o n  
i s  p e r c e i v e d  a s  t h w a r t i n g ,  o r  a s  p o t e n t i a l l y  
t h w a r t i n g  t o  some m o t i v e  s t a t e ,  t h u s  r e s u l t i n g  
i n  e f f e c t i v e  a r o u s a l  and  i n  t h e  e l i c i t a t i o n  o r  
r e g u l a t i o n  p r o c e s s  a im ed  a t  t h e  management  o f  
t h e  e f f e c t .
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A h y p o t h e s i s  drawn f rom t h e  p r e c e d i n g  d e f i n i t i o n  o f  s t r e s s  
i s  t h a t  t h e  more m o t i v a t e d  an  i n d i v i d u a l  i s  t o  a c h i e v e  a  g o a l  t h e  
more l i k e l y  he i s  t o  p e r c e i v e  a t h r e a t  to w a rd  i t . '
A f r u s t r a t i o n  i s  d e f i n e d  by th.e....Erustration.--Agr.e.s.si.on 
P s y c h o l o g i s t s  a s  a n  " I n t e r f e r e n c e  w i t h  t h e  o c c u r r e n c e  o f  an  i n s t ­
i g a t e d  g o a l - r e s p o n s e  a t .  i t s  p r o p e r  ...time, i n  t h e  b e h a v i o r  s e q u e n c e . "
( ^ ) . I n  c o n s i d e r i n g  f r u s t r a t i o n  i n  t h i s  c o n t e x t ,  s t u d i e s  o f  
L o r e n z ,  B e r k o w i t z ,  and.  D o l l  and  were  c o n s id e r e d . .
C a t h a r s i s  h a s  b e e n  d e f i n e d  by W e b s t e r  a s ,  "A r e l e a s e  
f rom t e n s i o n . " D o l la r .d  (6 )  f u r t h e r  d e f i n e s  c a t h a r s i s  a s  "The 
e x p r e s s i o n  o f  a n y  a c t  o f  a g g r e s s i o n  t h a t  r e d u c e s  t h e  i n s t i g a t i o n  
t o  a l l . . . o t h e r  a c t s  o f  a g g r e s s i o n , "  B e r k o w i tz  (4 )  i n c l u d e s  
p h y s i o l o g i c a l  . s t r e s s o r s  when he u s e s  t h e  a n a l o g y  t h a t  t h r o u g h  
s a t i s f y i n g  an  a p p r o p r i a t e  g o a l  such  a s  e a t i n g ,  t h e  s t r e n g t h  o f  
t h e  p h y s i o l o g i c a l . . .d r iv e  i s  reduced .-  I n  t h i s  s i t u a t i o n  t h e  hun­
g e r  w o r l d  be  t h e  s t r e s s o r  ...while . e a t i n g  w o u ld -b e  t h e  c a t h a r s i s .
T h i s  a p p l i e s  t o  p s y c h o l o g i c a l  . d r i v e s  s u c h  a s  f r u s t r a t i o n  which  
may e l i c i t  t h e  . a g g r e s s i v e  response. , -  t h u s  r e d u c i n g  t h e  f r u s t r a t i o n ,  
a c c o r d i n g  t o  D o l l a r d  ( 6 ) ,  Lorenz ,  and  S t o r r  ( 3 ) .
B e r k o w i tz  (3 )  p u b l i s h e d  a  c r i t i q u e  o f  t h e  c a t h a r t i c  
t h e o r y .  H i s  m a j o r  c r i t i c i s m  was t h a t  q u a n t i t a t i v e  r e s e a r c h  had 
n o t  s u p p o r t e d  t h e  c a t h a r t i c  e f f e c t  a s  d i l i g e n t l y  a s  have t h e  
F r u s t r a t i o n - A g g r . e s s . i o n  P s y c h o l o g i s t s .  I n  a n o t h e r  a r t i c l e  
B e r k o w i tz  (4 )  l i s t e d  t h e  f o l l o w i n g  l i m i t a t i o n s  t o  t h e  c a t h a r t i c  
e f f e c t ;  The c a t h a r t i c  e f f e c t  ( i f  i t  d o e s  e x i s t )  i s  t e m p o r a r y  i f  
o r i g i n a l  f r u s t r a t i o n  c o n t i n u e s ?  r e p e t i t i o n  o f  mode o f  r e l e a s e  may
c a u s e  l e a r n i n g  o f  r e s p o n s e  ( t h u s  . a g g r e s s i o n  ...may. l e a d  t o  f u r t h e r  
a g g r e s s i o n ) , and  i n  p r e v i o u s  s t u d i e s  s u b j e c t s  have  n o t  b e e n  
i s o l a t e d  f rom  f u r t h e r  f r u s t r a t i o n ,  n o r  h a s  t h e  f r u s t r a t i o n  b e e n  
h e l d  c o n s t a n t .
Ryan ( 26)  p r o p o s e d  an  e x p e r i m e n t a l  d e s i g n  t o  d e t e r m i n e  
i f  v i g o r o u s  m o to r  a c t i v i t y  b y  i t s e l f  and  i f  m o to r  a c t i v i t y  
d u r i n g . c o m p e t i t i o n  w i l l  r e d u c e  t h e  p r o b a b i l i t y  o f  a g g r e s s i o n .
The s t u d y  was composed o f  120 s t u d e n t s  o f  w h ich  50 p e r c e n t  
were  p h y s i c a l  e d u c a t i o n  m a j o r s  and  t h e  o t h e r  50 p e r c e n t  were  
f rom a  b a s i c  p s y c h o l o g y  c l a s s .  The e x p e r i m e n t  c o n s i s t e d  o f  
t h r e e  p h a s e s .  F i r s t  t h e  s u b j e c t  would  r e p o r t  f o r  t h e  e x p e r ­
im e n t  and  be a s k e d  t o  w a i t  i n  a  r e c e p t i o n  ro.d.m„ W hile  w a i t i n g ,  
a n o t h e r  p e r s o n  w o r k in g  w i t h  t h e  e x p e r i m e n t e r  would  . e n t e r  t h e  
r e c e p t i o n  room a n d  t h r o u g h  d e r o g a t o r y  r e m a r k s  an d  .. .general,  obnox­
i o u s  b e h a v i o r  would., a t t e m p t  t o  a n g e r  t h e  s u b j e c t .  The s u b j e c t  
would  t h e n  be t a k e n  t o  a  s e co n d  room where  he would  p e r f o r m  a 
m o to r  t a s k  o f  hammering on a  b l o c k ,  o r  would  com pete  i n  a ham­
m e r i n g  c o n t e s t  o f  w h ich  t h e  w i n n e r  o f  e a c h  m a tch  was p r e d e t e r m i n e d .  
The t h i r d  p h a s e  o f  t h e  e x p e r i m e n t  i n v o l v e d  a  s i t u a t i o n  i n  w h ich  
t h e  s u b j e c t  was t o  assume t h e  r o l e  o f  t h e  e x p e r i m e n t e r .  He 
would  t h e n  have  t h e  o p p o r t u n i t y  t o  t r a i n  t h e  p e r s o n  who had 
o r i g i n a l l y  a n g e r e d  him f rom  an  i s o l a t e d  p o s t .  I n  a s s u m i n g  t h e  
r o l e  o f  t h e  e x p e r i m e n t e r ,  i t  was s o c i a l l y  a c c e p t a b l e  f o r  t h e  . 
e x p e r i m e n t e r  t o  p u n i s h  t h e  s u b j e c t  through . . . .a . .dm in is te r ing  an  
e l e c t r i c  s h o c k .  A g g r e s s i o n  on t h e  p a r t  o f  t h e  e x p e r i m e n t e r  
was m e a s u r e d  t h r o u g h  t h e  f r e q u e n c y  and  d u r a t i o n  o f  shock
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i n f l i c t e d  upon t h e  s u b j e c t .  A g g r e s s i o n  was a l s o  m e a su re d  by a 
q u e s t i o n n a i r e .
The r e s u l t s  showed no s i g n i f i c a n t  d i f f e r e n c e  i n  a g g r e s ­
s i o n  d i s p l a y e d  b e tw ee n  t h o s e  who p e r f o r m e d  t h e  m o to r  t a s k  and  
t h o s e  who d i d  n o t .  A d i f f e r e n c e  was n o t e d  among, t h e  c o m p e t in g  
g r o u p .  The l o s e r  d i s p l a y e d  more a g g r e s s i o n  t h a n  t h e  s u b j e c t  
who had  been  a n g e r e d  a t  t h e  o n s e t  o f  t h e  e x p e r i m e n t .  The w i n n e r  
showed a . d e c r e a s e  i n  a g g r e s s i v e n e s s .  Ryan a s su m e s  t h a t  i n  an  
a c t u a l ,  a t h l e t i c  c o n t e s t ,  c a t h a r s i s  o f  t h e  w i n n e r  may n o t  o c c u r  
b e c a u s e  o f  t h e  s p i r a l  e f f e c t  b r o u g h t  a b o u t  t h r o u g h  h i s  i n t e r ­
a c t i o n  w i t h  t h e  l o s e r .  Thus i t  i s  l i k e l y  t o  n e g a t e  t h e  r e d u c e d  
a g g r e s s i v e  t e n d e n c i e s  o f  t h e  w i n n e r .  T h e r e f o r e  Ryan fo u n d  l i t t l e  
s u p p o r t  f o r  t h e  c a t h a r t i c  h y p o t h e s i s  a s  p r o p o s e d  b y . B u s s  (6 )  and  
L o re n z  and  D o l l a r d  ( 4 ) .
I n  o p p o s i t i o n  t o  t h i s  v iew  M ic h a e l  ( 24)  b e l i e v e s  e x e r c i s e  
i t s e l f  i s  a  s t r e s s o r  a n d  f e e l s  t h a t  t h r o u g h  e x e r c i s i n g ,  t h e  body 
becomes more a b l e  t o  a d j u s t  t o  o t h e r  s t r e s s o r s .  The e x e r c i s e  
c o n d i t i o n s  t h e  a u to n o m ic  n e r v o u s  sy s te m  t o  r e a c t  more .sm ooth ly  
t o  s u b s e q u e n t  s t r e s s o r s ,  t h u s  r e l i e v i n g  t h e  c h an c e  f o r  e x h a u s t i o n  
i n  t h e  organism. .  B a r t l e t t  ( 2 ) ,  s u p p o r t i n g  t h i s  t h e o r y ,  fo u n d  
t h a t  t h e  t r a i n e d  r a t  a d a p t e d  t o  e x e r c i s e  a n d  c o l d  more r e a d i l y  
t h a n  t h e  u n t r a i n e d  r a t .  S t u d i e s . c o n t r a d i c t o r y  t o  t h i s  t h e o r y ,  
by  C o n n e l l ,  C ooper ,  and  R e d f e a r n  ( 1 0 ) ,  and  Whiddon, S h a r k e y ,  
a nd  St.ea.dman ( 35)  > have  fo u n d  t h a t  a l t h o u g h  e x e r c i s e  i s  a  
s t r e s s o r  i n  r a t s  i t  i s  n o t  i n  humans,,  u n l e s s  e m o t i o n s  become 
i n v o l v e d .
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Buss  (6 )  a n d  D o l l a r d  and  L o re n z  (̂ 4-) b a s e  t h e i r  t h e o r y  o f  
c a t h a r s i s  on t h e  a s s u m p t i o n  t h a t  f r u s t r a t i o n s  have  a n  a d d i t i v e  
e f f e c t ,  o r  i f  a l l o w e d  t o  f e r m e n t  i n . - t h e  b od y ,  w i l l  b u i l d  t o  a 
b r e a k i n g  p o i n t .  T h i s  h a s  b e e n  r e f e r r e d  t o  by  B e rk o w i tz  (3 )  a s  
t h e  L o r e n z i a n  I n s t i n c t .  B o l l a r d  (6 )  f e l t  t h a t  t h e  e x p r e s s i o n  
o f  a n y  a c t  o f  a g g r e s s i o n  i s  a  c a t h a r s i s  t h a t  r e d u c e s  t h e  i n s t ­
i g a t i o n  t o  a l l  o t h e r  a c t s  o f  a g g r e s s i o n .  I f  t h e  l e v e l  o f  f r u s ­
t r a t i o n  was h e l d  c o n s t a n t  t h e r e  s h o u l d  be a n  I n v e r s e  r e l a t i o n s h i p  
i n  amount  o f  p e n t - u p  . . a g g r e s s i o n ,  L o r e n z  (3 )  » i n  s p e a k i n g ,  o f  t h e  
b u i l d i n g  up o f  f r u s t r a t i o n s ,  c o n s i d e r e d  t h e  d a n g e r s  o f  t h e  s p o n ­
t a n e i t y  o f  t h e  b r e a k i n g  p o i n t . u n l e s s  s o c i a l l y  a c c e p t a b l e  means 
o f  r e l e a s e  were  a v a i l a b l e .  S p o r t s  have  b e e n  c o n s i d e r e d  a s  s o c ­
i a l l y  . a c c e p t a b l e  means o f  r e l e a s e  by L o re n z  (3 )  and  S t o r r  ( 2 6 ) .  
S t o r r  p r o p o s e d  t h a t  t h r o u g h  t h e - e n c o u r a g e m e n t  o f  i n t e r n a t i o n a l  
c o m p e t i t i o n  i n  a l l  f i e l d s  we c o u ld  d i m i n i s h  t h e  h o s t i l i t y  w h ich  
l e a d s  t o  w a r .  M e n n in g e r  ( 23)  w r o t e  on t h e  v a l u e  o f  r e c r e a t i o n  
and  games a s  a  s a t i s f a c t o r y  s o c i a l  o u t l e t  f o r  t h e  a g g r e s s i v e  
d r i v e  i n  t h e  i n d i v i d u a l ' .  H i s  c o n c l u s i o n s  were  b a s e d  on s u b ­
j e c t i v e  s u r v e y s  t a k e n  w h i l e  w o r k in g  w i t h  t h e  m e n t a l l y  d i s t u r b e d , .
Two a d m i t t e d l y  l i m i t e d  s t u d i e s  l e n d i n g  s u p p o r t  t<p t h e  
c a t h a r t i c  v a l u e  a r e  c i t e d  b y  B e rk o w i tz  ( 4 ) ,  F i r s t ,  i n  a  s l e e p  
d e p r i v a t i o n  e x p e r i m e n t ,  D o l l a r d  and  o t h e r s  fo u n d  t h a t  t h e  s u b ­
j e c t s  who e x p r e s s e d  t h e  m o s t  o v e r t  a g g r e s s i o n  i n j u r e d  t h e m s e l v e s  
l e a s t  i n  a s e l f  a d m i n i s t e r e d  a l g e s i m e t e r  t e s t .  The s u b j e c t  who 
e x p r e s s e d  t h e  l e a s t  o v e r t  a g g r e s s i o n  i n f l i c t e d  t h e  m o s t  i n j u r i o u s  
p r e s s u r e  upon  h i m s e l f .  S e c o n d ly ,  an  e x p e r i m e n t  by M i l l e r  and
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Bugel .sk i  d e m o n s t r a t e d  t h a t  s u b j e c t s  who gave  t h e i r  f r u s t r a t i n g  
p a r t n e r s  r e l a t i v e l y  low  r a t i n g s  d i d  n o t  d ro p  so m a r k e d ly  i n  t h e i r  
own r a t i n g s  o f  t h e m s e l v e s .  I n  b o t h  e x p e r i m e n t s  i t  was c o n c l u d e d  
t h a t  i f  a g g r e s s i o n  was d i r e c t e d  a g a i n s t  o t h e r s  i t  was l e s s  l i k e l y  
t o  be s e l f  d i r e c t e d .
The Prob lem
When an  i n d i v i d u a l . ,  p e r f o r m s  . p h y s i c a l  e x e r c i s e  he knows 
t h a t  s p e c i f i c  p h y s i o l o g i c  c h a n g e s  a r e  t a k i n g  p l a c e  w i t h i n  t h e  
o r g a n i s m .  He i s  a l s o  aw are  t h a t  c h a n g e s  can  be b r o u g h t  a b o u t  
t h r o u g h  t h e  e m o t i o n s .  T h i s  s t u d y  w i l l ,  a t t e m p t  t o  d e t e r m i n e  i f  
n o n - c o m p e t i t i v e  e x e r c i s e  o r  c o m p e t i t i v e  e x e r c i s e  h a s  a  c a t h a r t i c  
e f f e c t  i n  r e d u c i n g  p s y c h i c  s t r e s s ,  a s  m e a s u r e d  t h r o u g h  p a l m a r  
sw ea t  a c t i v i t y .
S i g n i f i c a n c e  o f  t h e  P rob lem
The s i g n i f i c a n c e  o f  t h e  s t u d y  o f  s t r e s s  i s  b a s e d  on t h e  
p h y s i c a l , p s y c h o l o g i c a l ,  a n d . . s o c i o l o g i c a l . ,  r e l a t i o n s h i p  w i t h  t h e  . 
t o t a l  h e a l t h  o f  a n  i n d i v i d u a l .  The p h y s i o l o g i c a l  s i g n i f i c a n c e  
o f  p s y c h i c  s t r e s s  may b e s t  .be e x p l a i n e d  t h r o u g h  S e l y e ' s  G e n e r a l  
A d a p t io n  Syndrome ( G . A . S . ) ( 2 8 ) .  E a r l y  i n  S e l y e ' s  m e d i c a l  
t r a i n i n g  he became i n t r i g u e d  .by t h e  . idea  t h a t  i n  d i a g n o s i n g  
v a r i o u s  u n r e l a t e d  d i s e a s e s  common g e n e r a l  symptoms e x i s t e d .
L a t e r  i n  a l a b o r a t o r y  e x p e r i m e n t  i n v o l v i n g  r a t s  he fo u n d  t h a t  
t h r o u g h  i n j e c t i n g  v a r i o u s  s u b s t a n c e s  i n t o  t h e  r a t ' s  l i v e r  a 
s p e c i f i c  t r i a d  o c c u r r e d .  The f i r s t  symptom was an  e n l a r g e d
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a d r e n a l  c o r t e x ,  s e c o n d  was a  s h r i n k a g e ,  o f  t h e  . . l y m p h a t ic  g l a n d s ,  
and, i f  t h e  e x p e r i m e n t  was c o n t i n u e d ,  d e a t h  r e s u l t e d  f rom  a g a s t r i c  
u l c e r .  S e l y e  r e f e r r e d  t o  t h e  s p e c i f i c  s t a g e s  o f  t h e  G .A .S .  a s  
a l a r m  r e a c t i o n ,  s t a g e  o f  r e s i s t a n c e ,  and . . .s tage  o f  e x h a u s t i o n .  
D u r in g  . d a i l y . . l i v i n g ,  t h e  .sta.ge.s o f  t h e  G .A .S .  a r e  v i e w e d . a s  ( a )  
a  h a r d s h i p s  (b)  we a d j u s t  o u r  a t t i t u d e s  t o  make t h e  s i t u a t i o n  
t o l e r a b l e ;  an d  ( c )  i f  t h e . s t r e s s o r  i s  c o n t i n u e d ,  t h e  body  r e a c h e s  
a  p o i n t  o f  e x h a u s t i o n  r e s u l t i n g ,  i n  e i t h e r  a  p h y s i c a l  o r  a m e n t a l  
d i s o r d e r .  D u r in g  a n i m a l  e x p e r i m e n t a t i o n  t h e  G .A .S .  h a s  b e en  
i n d u c e d  t h r o u g h  s u b j e c t i n g  r a t s  t o  e x t r e m e  t e m p e r a t u r e  c h a n g e s ,  
e l e c t r i c  sh ock  o r  l i v i n g  i n  a c rowded e n v i r o n m e n t  ( 2 8 ) .  I n  a  
s i m i l a r  s t u d y  w i t h  m onkeys ,  B rady  (5)  p r o d u c e d  i n t e s t i n a l  u l c e r s  
t h r o u g h  t h e  a p p l i c a t i o n  o f  a  p s y c h i c  s t r e s s  s i t u a t i o n .
J o n a s  (33)  s u p p o r t s  t h e  G .A .S .  t h e o r y  i n  w h a t  he r e f e r s  
t o  a s  t h e  " A u t o - a m p u t iv e "  p r o p e r t y  o f  t h e  C e n t r a l  N e rv ou s  
Sy s tem .
"The C .N .S .  s h u n t s  h y p e r - s t i m u l i  t o  t h e  
l o w e r  e c h e l o n s  o f  t h e  o r g a n  s y s te m .  When 
t h e  i r r i t a t i o n  i s  p r o l o n g e d  and  . s e v e r e ,  
t h e  a u t o - a m p u t a t i o n  r e s u l t s  i n  w ha t  i s  
u s u a l l y  r e f e r r e d  t o  i n  m e d i c a l  l i t e r a t u r e  
a s  a  d y s t r o p h i c  a c t i o n  ( d i s e a s e ) . "
Mine (25)  i n  r e v i e w i n g  l i t e r a t u r e  on c a u s e s  o f  i s c h e m i c  
h e a r t  d i s e a s e s ,  l i s t s  s e v e r a l  s t u d i e s  w h i c h . r e l a t e  e m o t io n a l ,  
s t r e s s  a s  a  c o n t r i b u t i n g  f a c t o r .  Mine t h e o r i z e s  t h e  c o n t r i b u t i n g  
f a c t o r  i s  t h a t  t h e  c i v i l i z e d  p a t t e r n  o f  human b e h a v i o r  l e a d s  t o  
c o n f l i c t  an d  s t r e s s .  Because  m a n ' s  a c t i o n s  a r e  c e r e b r a l l y  
p l a n n e d ,  o f t e n  l a c k i n g  e m o t i o n s ,  t h e y  l e a d  t o  a  s i t u a t i o n  o f
" A c t i o n  w i t h o u t  e m o t i o n , "  o r  j u s t  a s  s e r i o u s ,  t h e  s i t u a t i o n  o f  
"E m ot ion  w i t h o u t  a c t i o n , "  To c l a r i f y  t h i s  t h e o r y  Mine r e f e r s  to  
E n g e l s  h i e r a r c h y  o f  m o t i v a t i n g  f o r c e s s
A. D r i v e s  r o o t e d  i n  b i o l o g y  o f  o r g a n i s m  ( b a s e d  on f u n -
damenta l . .  b i o l o g i c a l  n e e d s  ) .
B. P r i m i t i v e  s y s te m s  t o  p r o t e c t  a g a i n s t  b i o l o g i c a l n e e d s .
C. E f f e c t s  i n v o l v i n g  c o u r s e  o f  d e v e lo p m e n t .
D. L e a r n e d  s i g n a l s  w h ich  p r o v i d e  i n f o r m a t i o n  a b o u t t h e
e n v i r o n m e n t .
E. H i g h l y  d e r i v a t i v e  p s y c h i c  p r o c e s s e s .
I n  o u r  c i v i l i z e d  s o c i e t y  man d o e s  n o t  s e l e c t  h i s  s t i m u l i  
t o  a c t i v i t y  i n  r a n g e  o f  b a s i c . b i o l o g i c a l  d r i v e s  o r  on im m e d ia te
e m o t i o n a l  i m p u l s e s .  The " w e l l  s o c i a l i z e d "  man t e n d s  t o  a c t  on
c e r e b r a l  o r d e r s - w h i c h  have  t h e  l e a s t  . m o t i v a t i o n a l  f o r c e .  I n  
r e f e r r i n g  t o  E n g e l s  . h i e r a r c h y  o u r  a c t i o n s  often-..c.ar.respon.d t o  
t h e  "E". l e v e l ,  Mine ( 25)  f e e l s  t h a t  man can  a d a p t  t o  s t r e s s e s  
o f  p r i m i t i v e  s o c i e t y  w h ic h  c a r r y  w i t h  them a d e q u a t e . s t i m u l i  f o r  
a d j u s t m e n t s ;  t h e  body  i s  l e s s  a b l e  t o  a d a p t  when t h e  c h a l l e n g e  
i s  p e r c e i v e d  and  c o u n t e r e d  a t  t h e  r a t i o n a l  o r  c e r e b r a l  l e v e l .  
Through  t h e  o v e r r i d i n g  o f  o u r  e m o t i o n s ,  t h e  b i o l o g i c  b e n e f i t s  
o f  t h e  b o d y ' s  n a t u r a l  a d a p t i o n  p h a s e  t o  e v e r y d a y  s t r e s s o r s  i s  
e l i m i n a t e d .
D u r i n g  t h e  c o u r s e  o f  a  s o c i o l o g i c a l  s t u d y  t o  d e t e r m i n e  
t h e  f r e q u e n c y  and  c a u s e  o f  m e n t a l  . . . i l l n e s s ,  H o l l i n g s h e a d  and  
R e d l i c h  (1 8 )  fo u n d  t h e  g r e a t e s t  p e r c e n t a g e  o.f m e n t a l  i l l n e s s  
o c c u r r e d  i n  t h e  l o w e r  c l a s s  p e o p l e .  T h e o r i z i n g  f rom t h i s  p o i n t
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t h e y  f e l t ,  a  c o n t r i b u t i n g  f a c t o r  may hav e  b een  t h a t  t h o s e  i n  t h e  
l o w e r  s o c i a l  e c h e l o n  came i n  c o n t a c t  w i t h  more s t r e s s o r s  t h a n  
t h o s e  i n  t h e  m id d l e  o r  u p p e r  s o c i a l  c l a s s e s .  J u s t  a s  i m p o r t a n t  
a s  t h e  a d d i t i o n a l  num ber  o f  s t r e s s o r s  w h ic h  t h e s e  p e o p l e  f a c e d  
d a i l y  i s  t h e  f e e l i n g  t h a t  t h e y  had  f e w e r  o u t l e t s  i n  w h ich  f r u s ­
t r a t i o n s  c o u ld  be reduced , ,  H o l l i n g s h e a d  s t a t e d  s t r e s s o r s  a r e  
a d d i t i v e ;  t h a t  i s  t h e  more s t r e s s f u l  e x p e r i e n c e s  a  p e r s o n  h a s  
i n  t h e  c o u r s e  o f  h i s  l i f e  t h e  more l i k e l y  he i s  t o  show m e n t a l  
im pa irm en t- .
I n  a  s t u d y . i n v o l v i n g  . a d a p t a t i o n  t o  a v e r s i v e  n o i s e ,
G l a s s  (1 3 )  fo u n d  a  p e r s o n - . c o u l d  become a c c u s to m e d  t o  s t i m u l i  
w h ich  had  an  a d v e r s e  e f f e c t  a t  f i r s t .  I n  t h i s  same s t u d y  he
fo u n d  t h a t  a l th o u g h . ,  t h e  p e r s o n  h ad  a d a p t e d  t o  t h e  o r i g i n a l
s t r e s s o r  t h e  work o f  a d a p t a t i o n  l e f t  t h e  o r g a n i s m  l e s s  a b l e  
t o  cope  w i t h  s u b s e q u e n t  e n v i r o n m e n t a l  s t r e s s o r s .
Many o f  t h e  m a j o r  i n d u s t r i e s  have  r e c o g n i z e d  t h e  p r o b ­
lem o f  s t r e s s  i n  r e l a t i o n  t o  m e n t a l  a s  w e l l  a s  p h y s i c a l  i m p a i r ­
m e n t .  New York T e l e p h o n e ,  E as tm an  Kodak, IBM,, and  E l  duPon t  
have  s e t  up i n - h o u s e  p s y c h i a t r i c  f a c i l i t i e s .  Jo h n  L o b i n g i e r ,  
o f  C o n n e c t i c u t  M utua l  L i f e  I n s u r a n c e  Company s t a t e d ,  "We now 
p r o v i d e  p s y c h i a t r i c  h e l p  f o r  ...employees t h e  same way we p r o v i d e  
f l u  s h o t s . "  ( 2 0 ) ,
.Each i n d i v i d u a l ,  i n  o u r  s o c i e t y  comes i n t o  d a i l y  c o n t a c t
w i t h  a  g r e a t  many p h y s i c a l  and  p s y c h i c  s t r e s s o r s .  T h i s  may
i n c l u d e  t h e  l o u d  s t r e e t  n o i s e s ,  d r i v i n g . . t o  work t h r o u g h  h e a v y  
t r a f f i c ,  a  f r u s t r a t i n g  day  a t  t h e  o f f i c e ,  f o l l o w e d  b y  more
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n o i s e ,  more t r a f f i c e ,  and  p e r h a p s  a  s t r e s s f u l  home e n v i r o n m e n t s  
I f  t h e s e  s t r e s s o r s  a r e  a d d i t i v e  a s  s t a t e d  "by H o l l i n g s h e a d  and  
R e d l i c h  ( 1 8 ) t h e r e  i s  a  n e e d  f o r  r e l e a s e .  The p u r p o s e  o f  t h i s  
s t u d y  w i l l  be t o  d e t e r m i n e  i f  c a t h a r s i s  o c c u r s  d u r i n g  c o m p e t i t i v e  
o r  n o n - c o m p e t i t i v e  e x e r c i s e .
I n  t h e  c o u r s e  o f  t h i s  p a p e r  i t  i s  a ssum ed  t h a t  t h e  c a t h ­
a r t i c  v a l u e  o b t a i n e d  i n  one a c t i v i t y  w i l l  have  c a r r y  o v e r  v a l u e  
t o  o t h e r  s t r e s s  s i t u a t i o n s .  T h i s  i s  i n  a g r e e m e n t  w i t h  B u s s - ( 6 ) ,  
M e n n in g e r  ( 2 3 ) ,  M ic h a e l  ( 2 4 ) ,  and  D o l l a r d  ( 26)  and  S t o r r  and  
L o ren z  (3)*
D e f i n i t i o n  o f  Terms
S t r e s s  -  Any o f  a  m u l t i t u d e  o f  s t i m u l i  t h a t  r e s u l t s  i n  
t h e  l i b e r a t i o n  o f  i n c r a s e d  q u a n t i t i e s  o f  AGTH from t h e  a n t e r i o r  
p i t u i t a r y  g l a n d  ( 3 5 ) .
P s y c h o l o g i c a l  S t r e s s  -  T h a t  w h ic h  -occurs  when a s i t u a t i o n  
i s  p e r c e i v e d  a s  t h w a r t i n g  o r  a s  p o t e n t i a l l y  t h w a r t i n g  t o  some 
m o t i v e  s t a t e ,  t h u s  r e s u l t i n g  i n  e f f e c t i v e  a r o u s a l  and  i n  t h e  
e l i c i t a t i o n  o r  r e g u l a t i o n  p r o c e s s  a im ed  a t  t h e  management o f  
t h e  e f f e c t  ( 1 6 ) ,
F r u s t r a t i o n  -  An i n t e r f e r e n c e ,  w i t h  t h e  o c c u r r e n c e  o f  
an  i n s t i g a t e d  g o a l - r e s p o n s e  a t  i t s  p r o p e r  t im e  i n  t h e  b e h a v i o r  
s e q u e n c e .  A f r u s t r a t i o n  i s  a  s p e c i f i c  s t r e s s o r  encom passed  
w i t h i n  t h e  t e r m  p s y c h o l o g i c a l  s t r e s s o r  ( 4 ) .
C a t h a r s i s  -  A r e l e a s e  f rom t e n s i o n  o r  a n y  a c t i v i t y  
which- r e d u c e s  t h e  s t r e s s  w i t h i n  t h e  s u b j e c t  ( 6 ) .  I n  t h i s  s t u d y
12
c a t h a r s i s  w i l l  be m e a s u r e d  by t h e  r e d u c t i o n  i n  p a lm a r  sw ea t  
a c t i v i t y .
A g g r e s s i o n  -  One o f  a  number  o f  r e s p o n s e s  i n s t i g a t e d  
by f r u s t r a t i o n  ( ^ ) .
L i m i t a t i o n s  o f  t h e  S t u d y
1.  S t r e s s  w i l l  o c c u r  o n l y  when s o m e th i n g  i s  p e r c e i v e d  
a s  a  d e f i n i t e  o b s t a c l e , t o  be ove rcom e,  o r  a  d e f i n i t e  d a n g e r  t o  
be a v o i d e d ,
2. The c a t h a r t i c  e f f e c t  may be t e m p o r a r y  i f  o r i g i n a l  
s t r e s s o r  c o n t i n u e s .
3. The f r u s t r a t i o n  may n o t  be h e l d  a t  a  c o n s t a n t  
l e v e l ,  a s  t h e  e n v i r o n m e n t  w i l l  n o t  be c o n t r o l l e d .  The s u b j e c t  
may p e r c e i v e  a d d i t i o n a l  s t r e s s o r s .
The amount  of, e n e r g y  ex pend ed  d u r i n g  t h e  p h y s i c a l  
a c t i v i t y  w i l l  n o t  be  m e a s u r e d ,
5. I n d i v i d u a l s  w i l l  r e a c t  d i f f e r e n t l y  t o  s i m i l a r  
s t im ul i . . .  Some w i l l  r e a c t  q u i c k l y  w h i l e  o t h e r s  may r e m a in  
u n a f f e c t e d .
6. To o b t a i n  more a c c u r a t e  i n f o r m a t i o n  a  l a r g e r  
sam ple  would  be e s s e n t i a l , .
7 .  The means o f  m e a s u r i n g  a n  e m o t i o n a l  t h r e a t  t h r o u g h  
a  p h y s i c a l  r e s p o n s e  h a s ' l i m i t a t i o n s  i n  r e l a t i o n  t o  w ha t  h a p p e n s  
b e tw ee n  t h e  p e r c e p t i o n  o f  a  t h r e a t  and  a c t i v i t y  o f  t h e  a u to n o m ic  
n e r v o u s  sy s te m  e l i c i t i n g  t h e  r e s p o n s e  o f  p a l m a r  s w e a t i n g .
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8.  . A p h y s i o l o g i c a l  i n d i c a t o r  c a n n o t  d e s c r i b e  n u a n c e s  
o f  p s y c h o l o g i c a l  s t a t e  a s  w e l l  a s  v e r b a l  r e p o r t .  However t h e  
p h y s i o l o g i c a l  t e s t  can  be r e p e a t e d  w i t h o u t  d i s r u p t i n g  o n g o in g  
p s y c h o l o g i c a l  p r o c e s s e s .
M ethods
CHAPTER II 
METHODS AND PROCEDURES
Means o f  e v a l u a t i n g  s t r e s s  can  he  d i v i d e d  i n t o  t h e  
m a j o r  c a t e g o r i e s  o f  p h y s i c a l  a n d  p s y c h o l o g i c a l  m e a s u r e s .  The 
Most p o p u l a r  p s y c h o l o g i c a l  m e a s u r e s  h a v e  h e e n  q u e s t i o n n a i r e s ,  
r a t i n g  s h e e t s ,  o r  by  u s e  o f  s p e c i f i c  p r o j e c t i v e  t e s t s .  H i l l  
a n d  o t h e r  (1 7 )  em ployed  t h e  Group R o r s h a c h  and  t h e  T h em at ic  
A p p e r c e p t i o n  T e s t  i n  c o n j u n c t i o n  w i t h  p h y s i c a l  m e a s u r e s  o f  
s t r e s s .  C a r r o n ,  D e e s e ,  a nd  M a r t e n s  ( 8 ,  1 1 ,  21) s i m u l a t e d  
s t r e s s  and  t h e n  r e c o r d e d  i t s  e f f e c t  on t h e  l e a r n i n g  p r o c e s s .
The use  o f  p h y s i o l o g i c a l  m e a s u r e s  o f  s t r e s s  r e s t s  on 
t h e  a s s u m p t i o n  t h a t  c e r t a i n  e n v i r o n m e n t a l  c o n d i t i o n s  in d u c e
b e h a v i o r a l  c h a n g e s  a s  w e l l  a s  a u to n o m ic  a n d  o t h e r  i n t e r n a l
e f f e c t s , ( 1 ) .  P h y s i o l o g i c a l  m e a s u r e s  o f  s t r e s s  d i f f e r  c o n s i d ­
e r a b l y  a l t h o u g h  t h e  p r i n c i p l e  b e h i n d  e a c h  w o u ld  be s i m i l a r .  
H i l l - a n d  o t h e r s . . ( I ? )  m e a s u r e d  s t r e s s  t h r o u g h  l e v e l s  o f  c i r ­
c u l a t i n g  e o s i n o p h i l e s  a n d  i n  u r i n a r y  e x c r e t i o n  of. 1 7 - k e t o -  
s t e r o i d s  a s  i n d i c a t o r s  o f  a d r e n a l  c o r t i c a l  a c t i v a t i o n .  T h e ’ 
e x c r e t i o n  o f  1 7 - k e t o g e n i c  s t e r o i d s  a n d  1 7 - k e t . o s t e r o i d s  h a s  . 
a l s o  b e en  u t i l i z e d  i n  s t u d i e s  (35» 1 0 ) .  C o n n e l l ,  C ooper ,  and 
R e d f e a m  (10)  m e a s u r e d  t h e  e x c r e t i o n  o f  1 7 - k e t o g e n i c  s t e r o i d s  
a n d  1 7 - k e t o s t e r o i d s  w h i l e  Whiddon, S h a r k e y ,  a n d  S teadm an  ( 35)  
m e a s u r e d  1 7 - k e t o g e n i c  s t e r o i d s  an d  e o s i n o p h i l e s .  H e n n i s  and 
U l r i c h  (3*0 a n d  S k u b ic  ( 29)  employed  t h e  g a l v a n i c  s k i n  r e s p o n s e  
a s  a  m e a su re  o f  s t r e s s .  R e c e n t l y  t h e  p a l m a r  sw e a t  t e s t  h a s
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been  u t i l i z e d  i n  s t u d i e s - b y . M a r t e n s  ( 2 1 ) ,  H a r r i s o n  a n d  MacKinnon
(14 )  and  J o h n s o n  an d  Dabbs ( 19 ) •
The p a l m a r  sw e a t  t e c h n i q u e  was s e l e c t e d  a s  t h e  means o f  
m ea su r in g ,  s t r e s s  i n  t h i s  s t u d y  b e c a u s e  i t  g i v e s  an  i m m e d ia te  
r e s p o n s e  t o  m e n ta l ,  s t r e s s ,  t h e  e q u ip m e n t  i s  n o t  c o m p l i c a t e d  o r  
o b s t r u s i v e  t o  t h e  s u b j e c t ,  and  t e s t i n g  can  be  r e p e a t e d  w i t h o u t  
d i s r u p t i n g  o n g o in g  p s y c h o l o g i c a l  p r o c e s s e s .
Sweat  g l a n d s  i n  t h e  p a lm a r  s u r f a c e s  r e s p o n d  r a p i d l y  t o  
e m o t i o n a l  s t i m u l i  w h i l e  p l a y i n g  o n l y  a  m in o r  r o l e  i n  r e g u l a t i n g  
body  t e m p e r a t u r e .  T h i s  s e l e c t i v i t y  o f  r e s p o n s e  makes p a l m a r  
s w e a t i n g  a  u s e f u l  m e a su re  f o r  p h y s i c a l  e d u c a t o r s  i n v e s t i g a t i n g
s o c i a l ,  and  p s y c h o l o g i c a l  f a c t o r s  r e l a t e d  t o  p h y s i c a l  a c t i v i t y  ( 2 1 ) .
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I n  t h e  p a s t ,  p a l m a r  s w e a t i n g  h a s  b e e n  m e a s u re d  i n d i r e c t l y  
t h r o u g h  t h e  g a l v a n i c  s k i n  r e s p o n s e  ( G . S . R , ) .  B e s i d e s  b e i n g  an  
i n d i r e c t  m e a s u r e  o f  p a lm a r  s w e a t i n g  t h e  e q u ip m e n t  r e q u i r e d  t o  
r e c o r d  G. S . R.  i s  complex  and  cumbersome,  t h e r e f o r e  i t  c a n  i n t e r ­
f e r e  w i t h  t h e  s u b j e c t ' s  p e r f o r m a n c e .  The p a l m a r  s w e a t  t e s t  i s
a  d i r e c t  m ethod  o f  m e a s u r i n g  a c t i v e  sw e a t  g l a n d s  a n d  w i l l  n o t
h i n d e r  t h e  p e r f o r m a n c e  o f  t h e  s u b j e c t .  The t e c h n i q u e  was d e v -  
delo .ped by  S u te rm a n  and Thompson ( 30)  i n  1952 ,  b u t  h a s  a t t r a c t e d  
l i t t l e  a t t e n t i o n  i n  t h e  U n i t e d  S t a t e s  s i n c e  t h a t  t i m e ,  v I n  
d e r i v i n g  w ha t  i s  now r e f e r r e d  t o  a s  t h e  " P a lm a r  Sweat  In d e x "
( P . S . I . )  two B r i t i s h  p h y s i o l o g i s t s ,  H a r r i s o n  and  MacKinnon (14)  
drew a t t e n t i o n  to w a rd  t h e  t e c h n i q u e .  The P . S . I .  i s  d e f i n e d  
a s  "The num ber  o f  a c t i v e  sw e a t  g l a n d s  i n  a  4 mm s q u a r e  c e n t e r e d  
o v e r  t h e  c e n t r a l  w h o r l  o f  t h e  f i n g e r  t i p , "  By m a r k in g  su c h  an
16 .
area'-an a g l a s s  s l i d e  and  p r o j e c t i n g  i t ,  a  g r i d  can  lie c o n s t r u c t e d .  
T h i s  g i v e s  t h e  t e c h n i q u e  a d d i t i o n a l  a c c u r a c y  and  makes t h e  s c o r i n g  
e a s i e r ,  t h u s  m ak in g  t h e  t e c h n i q u e  more p o p u l a r .  A c t i v e  sw e a t  
g l a n d s  a p p e a r  a s  w h i l e ,  h o l e s  o r  a s  poc m ark s  a l o n g . r i d g e s  o f  t h e  
e n l a r g e d  p r i n t .  I n a c t i v e  sw e a t  g l a n d s  show up a s  d a r k  b l o t c h e s  
a long ,  . r id g .e s ,
J o h n s o n  a n d .D a b b s  (19)  g i v e  t h e  f o l l o w i n g  f o r m u la  f o ri 1
t h e  s o l u t i o n  u s e d  i n  t h e  p a lm a r  sw e a t  t e c h n i q u e s
P o l y v i n y l  f o r m a l  5 grams
B u ty l  p h t h a l a t e  10 ml
S e m i - c o i l o i d a l  d i s p e r s i o n  o f
g r a p h i t e  i n  t r i c o e t h y l e n e  20 grams
E t h y l e n e  d i c h l o r i d e  100 ml
P o l y v i n y l  f o r m a l  w i th d r a w s  f rom m o i s t u r e  l e a v i n g  b u b ­
b l e s  i n  t h e  p r i n t  i d e n t i f y i n g  a c t i v e  s w e a t  g l a n d s .  B u ty l  
p h t h a l a t e  g i v e s  t h e  p r i n t  s t r e n g t h ,  g r a p h i t e  p r o v i d e s  v i s u a l  
c o n t r a s t ,  and  e t h y l e n e  d i c h l o r i d e  i s  a  s o l v e n t .  The s o l u t i o n  
i s  k e p t  i n  a  s m a l l  b o t t l e  p r e f e r a b l y  w i t h  a  c o r k  s t o p p e r  w h ich  
i s  a l s o  u s e d  t o  a p p l y  t h e  s o l u t i o n .
The p r i n t  i s ‘ o b t a i n e d  by  r em o v in g  e x c e s s  sw e a t  w i t h  
t i s s u e  and  a p p l y i n g  a  t h i n  l a y e r  o f  t h e  s o l u t i o n  w i t h  t h e  c o rk  
t o  t h e  s u b j e c t ’ s f i n g e r  t i p .  The m id d l e  o r  r i n g  f i n g e r  i s  
u se d  on t h e  n o n - p r e f e r r e d  hand as. t h i s  w i l l  hav e  t h e  l e a s t  
c a l l u s  s u r f a c e .  The p r i n t  s h o u l d  i n c l u d e  t h e  c e n t r a l  w h o r l  
o f  t h e  f i n g e r .  The s o l u t i o n  d r i e s  i n  a b o u t  20 -30  s e c o n d s  
and  i s  t h e n  l i f t e d  w i t h  a  s h o r t  p i e c e  o f  t r a n s p a r e n t  t a p e .
The t a p e  i s  p l a c e d  d i r e c t l y  o v e r  the .  p r i n t  r e m o v in g  i t
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e n t i r e l y .  T h i s  i s  m ounted  on a 3 i  x 4 i n c h  g l a s s  s l i d e .  T h i s  
s i z e  s l i d e  was s e l e c t e d  i n  o r d e r  t h a t  s e v e r a l  p r i n t s  f rom a 
s u b j e c t  c o u l d  e a s i l y  be a r r a n g e d  t o  f a c i l i t a t e  r a p i d  s c o r i n g .  
S c o r e s  w ere  o b t a i n e d  from t h e  p r i n t s  w h ic h  were  m a g n i f i e d  20 
t i m e s ,  on t h e  Mark IV m i c r o f i l m  p r o j e c t o r .  Of s e v e r a l  m o d e ls
t e s t e d  t h i s  gave  t h e  c l e a r e s t  e x p o s u r e .  The g r i d  u s e d  was a
t r a n s p a r e n t  s q u a r e  w i t h  t h e  c e n t e r  d e s i g n a t e d  t o  make s c o r i n g  
more r e l i a b l e .
Jo h n s o n  and  Dabbs (19 )  r e p o r t  a  P e a r s o n  r  c o r r e l a t i o n  
b e tw een  two s c o r e r s  t o  r a n g e  f rom .87 t o  . 9 8 .  C o r r e l a t i o n  b e t ­
ween c o u n t s  made b y  one s c o r e r  s e v e r a l  days  a p a r t  was . 9 9 .  The 
c o r r e l a t i o n  r e f l e c t s  a g re e m e n t  i n  c h a n g e s  o f  sw e a t  a c t i v i t y  
w i t h i n  a  s u b j e c t .  D i f f e r e n c e s  i n  s c o r i n g  c r i t e r i a ,  e r r o r s ,  
and  d i f f e r e n c e s  i n  v i s u a l  a c u i t y  a c c o u n t  f o r  a  u s u a l  d i f f e r e n c e  
o f  z e r o  t o  f i v e  among s c o r e r s  when r e c o r d i n g  raw d a t a .
I n  u s i n g  t h i s  t e c h n i q u e ,  M a r t e n s  (2 1 ,  22) o b t a i n e d  a  
s e r i e s  o f  p r i n t s  a s  b a s a l  s c o r e s ,  computed  a  mean f o r  t h e s e ,  
and  o b t a i n e d  t h e  d i f f e r e n c e s  from s u b s e q u e n t  p r i n t s  t a k e n  
d u r i n g  t h e  e x p e r i m e n t s .  The c h a n g e - i n - s w e a t i n g  s c o r e  was 
p r e f e r a b l e  t o  t h e  raw s c o r e  a s  l a r g e  i n d i v i d u a l  d i f f e r e n c e s  
e x i s t e d  among s u b j e c t s .  M a r t e n s  ( 22) .  s u g g e s t s  t h a t  a d d i t i o n a l  
i n f o r m a t i o n  on p a l m a r  sw ea t  a c t i v i t y  w ou ld  be u s e f u l .  How­
e v e r  w i t h  w h a t  i s  now a v a i l a b l e  he f e e l s  i t  i s  a  f e a s i b l e  
a l t e r n a t i v e  t o  t h e  G a lv a n ic  S k in  R e p o n se .
Some c o n c e r n  i s  a p p a r e n t  i n  t h e  a n a l y s i s  o f  r e s u l t s  
a s  b o t h  i n c r e a s e s  an d  d e c r e a s e s  i n  a c t i v e  sw e a t  g l a n d s  have
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have  b e en  n o t e d .  M a r t e n s  ( 22)  fo u n d  a r a p i d  i n c r e a s e  i n  p a lm a r  
sw e a t  a c t i v i t y  when s u b j e c t s  l e a r n e d  a s i m p le  m o to r  s k i l l  w h i l e  
b e i n g  v iew ed  by a  p a s s i v e  a u d i e n c e ,  J o h n s o n ,  Dabbs,  and  L e v e n t h a l  
(2 2 )  r e p o r t e d  i n c r t e s e s  i n  p a lm a r  sw ea t  a c t i v i t y  when s u b j e c t s  
f l e w  i n  g r o u p s  o f  t h r e e  i n  a  l i g h t  a i r c r a f t .  They c o n c l u d e d  • 
t h e  i n c r e a s e  i n  p a l m a r  s w e a t i n g  r e f l e c t s  a  c o n c o m i t a n t  i n c r e a s e  
i n  a r o u s a l u a n d ' t h a t , p e r h a p s ,  s w e a t i n g  i s  a s s o c i a t e d  w i t h  r e a d ­
i n e s s  t o  i n t e r a c t . w i t h  t h e  e n v i r o n m e n t ,  H a r r i s o n  and  MacKinnon 
(1*0 n o t e d  a  d e c r e a s e  i n  p a lm a r  sw ea t  a c t i v i t y  d u r i n g  a t a s k  
w h ic h  r e q u i r e d  t h e  s u b j e c t  t o  h o l d  h i s  l e g  i n  an  e x t e n d e d  p o s ­
i t i o n  f o r  a s  l o n g  a s  p o s s i b l e ,
J o h n s o n  arid Dabbs ( 1 9 )  fou n d  a  U -s h a p e d  c u r v e  o f  
s w e a t i n g  w h i l e  s u b j e c t s  worked  on m u l t i p l i c a t i o n  p r o b l e m s ,  
w i t h  s w e a t i n g  h i g h  a t  t h e ' b e g i n n i n g  and  end o f  t h e  t a s k  and 
low  i n  t h e  m i d d l e .  F i n g e r  p r i n t s  were  t a k e n  on t h e  same s u b ­
j e c t s  i m m e d i a t e l y  b e f o r e  a n d  a f t e r  a  m i d - t e r m  s t a t i s t i c s  exam­
i n a t i o n  and  a g a i n  b e f o r e  a  r e g u l a r  s t a t i s t i c s  c l a s s  i n  which  
no t e s t  was s c h e d u l e d .  R e s u l t s  showed t h e s e  t h r e e  m e a s u r e s  
were  h i g h e r  t h a n  t h o s e  m e a s u r e s  t a k e n  w h i l e  w o r k in g  t h e  m u l t i ­
p l i c a t i o n  p r o b l e m s .
The d i f f e r e n c e  i n  a c t i v i t y  o f  t h e  p a l m a r  s w e a t  i n d e x  
may r e l a t e  t o  C a t t e l l ' s  (9 )  p r o p o s a l  t h a t  a n  i n v e r s e  r e l a t i o n ­
s h i p  b e tw e e n  S e l y e  ’ s ' s t a g e  o f  a d a p ta t io n  a n d  t h e  p s y c h o l o g i c a l  
s t a t e  o f  a n x i e t y  e x i s t s ,  C a t t e l l  s t a t e s  t h a t  "When a p e r s o n  
g r a p p l e s  w i t h  a  d i f f i c u l t y  he shows t h e  s t r e s s  r e s p o n s e ?  when 
he r e t r e a t s  and  a t t e m p t s  e s c a p i s t  s o l u t i o n s ,  he shows a n x i e t y . "
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A n x i e t y  may "be n o t e d  "by t h e  d e c r e a s e  i n  p a lm a r  sw e a t  a c t i v i t y  
a s  t h e  s u b j e c t  w i t h d r a w s  inward-  i n  t h e  c a s e  where  he i s  b e i n g  
p r e p a r e d  f o r  s u r g e r y ;  a  s i t u a t i o n  o f  w h ich  he h a s  L i t t l e  c o n ­
t r o l ,  The S t r e s s  r e s p o n s e  may be n o t e d  t h r o u g h  t h e  i n c r e a s e  
i n  p a l m a r  sw e a t  a c t i v i t y  p r e c e d i n g  an e x a m i n a t i o n  (19)»  o r  
l e a r n i n g  a m o to r  s k i l l  i n  t h e  p r e s e n c e  o f  a n  a u d i e n c e  ( 2 2 ) ,
P r o c e d u r e
Twelve m ale  s u b j e c t s  b e tw e e n  t h e  a g e s  o f  18 and  21 were 
s e l e c t e d  f rom t h e  U n i v e r s i t y  o f  Montana t r a c k  team f o r  t h e  s t u d y .  
F o u r  o f  t h e  s u b j e c t s  com peted  i n  f i e l d  e v e n t s  w h i l e  t h e  r e m a i n i n g  
e i g h t  were  r u n n e r s .  S u b j e c t s  g e n e r a l l y  d i s p l a y e d  a  h i g h  d e ­
g r e e  o f  p h y s i c a l  f i t n e s s ,  a s  m e a su re d  t h r o u g h  p e r f o r m a n c e  and  
t h e  s t a n d a r d  m e d i c a l  e x a m i n a t i o n  r e q u i r e d  o f  a l l  a t h l e t e s e
S p e c i f i c  t r a i n i n g  s e s s i o n s  o r  e n v i r o n m e n t a l  f a c t o r s  
were  n o t  c o n t r o l l e d  i n  t h e  s t u d y ,  a l t h o u g h  a  s u b j e c t i v e  n o t e  
was t a k e n  on t h e  i n d i v i d u a l ’ s o u t l o o k  on h i s  own p e r f o r m a n c e  
and  t h e  d e s i r a b i l i t y  o f  c o m p e t i t i v e  c o n d i t i o n s .
The f i r s t  p h a s e  o f  t h e  s t u d y  was c o n c e r n e d  w i t h  
c o l l e c t i n g  t h r e e  p a lm a r  s w e a t  p r i n t s  f rom e a c h  s u b j e c t .  The 
mean o f  t h e  t h r e e  would  be c o n s i d e r e d  t h e  s u b j e c t ' s  b a s a l  
s c o r e  and  t h e  d i f f e r e n c e  b e tw e e n  t h i s  and  f u t u r e  s c o r e s  would  
be n o t e d .  The b a s a l  p r i n t s  were  c o l l e c t e d  on a Sunday ,  a s s u m in g  
t h e  s u b j e c t  would  be r e l a x e d  o r  p e r c e i v e  h i m s e l f  a s  b e i n g  i n  
a  n o rm a l  s t a t e .  B e f o re  t e s t i n g ,  t h e  s u b j e c t  was in f o r m e d  o f  
t h e  g e n e r a l  p r o c e d u r e  and  a  d e m p n s t r a t i o n  was g i v e n  on how
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t h e  p r i n t  was a p p l i e d .  The r e a s o n  f o r  t h i s  was t o  a c q u i r e  
t h e  c o o p e r a t i o n  o f  e a c h  s u b j e c t  and  i n f o r m  him t o  t h e  e x t e n t  
t h a t  he would  n o t  p e r c e i v e  t h e  t e s t  i t s e l f  t o  he  a  t h r e a t .
To d e t e r m i n e  t h e  e f f e c t  o f  e x e r c i s e  on p a l m a r  s w e a t i n g  and 
t h e  e f f e c t ,  o f  c o m p e t i t i o n  t h e  t e s t  was a d m i n i s t e r e d  ' d u r i n g  
two t r a c k  m e e t s  and  d u r i n g  two p r a c t i c e  s e s s i o n s  i n  which  
t h e  s u b j e c t s -  t r a i n e d  b u t  d i d  n o t  c o m pe te .
On d a y s  i n  w h i c h ' t h e  s u b j e c t  com pe ted  t h e  p a lm a r  sw ea t  
t e s t  was g i v e n  t o  e a c h  s u b j e c t  p r i o r  t o  h i s  w a rm -u p ? a f t e r  t h e  
warm-up j u s t  p r i o r  to. h i s  com p e t in g?  and  f o l l o w i n g  t h e  s u b ­
j e c t ' s  f i n a l  c o m p e t i t i v e  e v e n t  o f  t h e  d ay .  M e a s u re s  d u r i n g  
t h e  day s  i n  w h ich  t h e  s u b j e c t  t r a i n e d  b u t  d i d  n o t  compete  
were  t a k e n  p r i o r  t o  warm-up? a f t e r  t h e  warm-up? and  a t  t h e  
c o m p l e t i o n  o f  t h e  p r a c t i c e  s e s s i o n .
CHAPTER I I I  
ANALYSIS AND DISCUSSION OF RESULTS
The f o l l o w i n g  c h a p t e r  p r e s e n t s  t h e  a n a l y s i s  and  d i s c u s ­
s i o n  o f  t h e  d a t a  o b t a i n e d  d u r i n g  t h e  c o u r s e  o f  t h e  e x p e r i m e n t .  
The p a l m a r  s w e a t  t e s t  was a d m i n i s t e r e d  t o  t h e  same s u b j e c t s  
on f i v e  o c c a s i o n s .  Ph ase  one was a  s e t  o f  t h r e e  m e a s u r e s  
t a k e n  d u r i n g  a Sunday s e s s i o n  i n  w h ich  t h e  a t h l e t e s '  p h y s i c a l  
e x e r t i o n  was m in im a l ;  t h e  mean o f  t h e s e  t h r e e  m e a s u r e s  was t o  
be u s e d  a s  t h e  b a s a l  s c o r e .  The s e c o n d  and  t h i r d  p h a s e  o f  t h e  
s t u d y  i n v o l v e d  a  s e r i e s  o f  t h r e e  p a l m a r  sw e a t  p r i n t s  f rom e a c h  
s u b j e c t  d u r i n g  two c o m p e t i t i v e  t r a i l s ,  and  d u r i n g  two p r a c ­
t i c e  s e s s i o n s  i n  w h ich  he t r a i n e d  b u t  d i d  n o t  c o m p e te .  The 
p a lm a r  p r i n t  was t a k e n  b e f o r e  warm-up,  a f t e r  warm-up,  and  
a f t e r  c o m p l e t i n g  c o m p e t i t i o n  o r  t r a i n i n g .
Raw d a t a  s c o r e s  a r e  shown i n  T a b le  I ,
A n a l y s i s  o f  R e s u l t s
S t a t i s t i c a l  t r e a t m e n t  o f  t h e  raw d a t a  beg an  by c o m b in in g  
t h e  i n d i v i d u a l  s c o r e s  i n  c o m p e t i t i o n  and  d u r i n g  p r a c t i c e  s e s ­
s i o n s ,  An a v e r a g e  s c o r e  was t h e n  o b t a i n e d  f o r  t h e  p r e - w a r m - u p ,  
p o s t - w a r m - u p ,  p o s t - c o m p e t i t i v e  and  p o s t - e x e r c i s e  m a n e u v e r s .
The T h re e  Sunday  m e a s u r e s  were  combined  and  a  mean s c o r e  was 
r e c o r d e d  a s  recommended by  M a r t e n s  ( 2 2 ) ,  T h i s  m ea su re  was 
d i s c a r d e d  and  w i l l  be r e f e r r e d  t o  i n  t h e  d i s c u s s i o n .
One-way a n a l y s i s  o f  v a r i a n c e  p r o c e d u r e s  were  r u n  on 
t h e  b a s a l  (Sunday)  m e a s u r e s ,  t h o s e  t a k e n  d u r i n g  p r a c t i c e ,  and  
t h e  p a lm a r  s c o r e s  o b t a i n e d  d u r i n g  c o m p e t i t i o n .  T a b l e s  I I ,
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TABLE I  RAW DATA SCORES OF P . S . I .
B a sa l  P r i n t s  N o n - c o m p e t i t i v e  C o m p e t i t i o n
o b t a i n e d  d u r i n g  P r a c t i c e  S e s s i o n
Sunday s e s s i o n
S u b j e c t X
P r e
W-up
P o s t
W-up
P o s t
E x e r
P r e
W-up
P o s t
W-up
4?ost
Comp
S .B . 25 °2 6 21 24 r 28 24 . .. 6 42 7 ' 1
36 16 20 20 75 54
B.C. 90 105  . 60 85. 24 15 2 15 20 62
30 93 15 120 120 27
M.D. 75 76 86 79 5 59 14 4 56 8
38 61 36 82 75 66
M.H. 64 39 66 5 6 .3 3 10 100 0 37 16 30
16 : 11 1 45 40 27
S.H. 88 110 50 8 2 .6 7 10 8 5 42 41 ' 8
4 70 63 40 42 2
K.K. 68 26 40 4 4 .67 7 16 10 12 53 14
8 10 10 37 40 12
S.O. 10 8 29 1 5 .6 7 5 46 2 5 5 20
4 5 4 30 29 13
H.R. 63 77 10 50 64 35 15 26 55 31
12 67 15 32 37 3
B.T. 90 66 64 7 3 .3 3 2 4,1 22 52 36 28
8 8 ■ 0 50 50 15
R. V. 60 68 66 6 4 .6 7 4 10 3 39 40 ’ 4
23 52 20 33 34 3
B.Z. 65 '81 34 60 12 56 10 43 ' 30 26
3 10 2 65 5
Bo. Z . 61 81 . 60 6 7 .3 3 17 11 13 38 60 28
3 6 3 68 81 10
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I I I ,  and  IV, r e s p e c t i v e l y ,  r e f e r  t o  t h e  a n a l y s i s  o f  v a r i a n c e  
r e s u l t s .  T h i s  p r o c e d u r e  (A p p e n d ix  A) was u s e d  t o  d e t e r m i n e  i f  
d i f f e r e n c e s  r e c o r d e d  d u r in g ,  e a c h  s e s s i o n  were  s i g n i f i c a n t .  The 
r e q u i r e d  F r a t i o  to' show s i g n i f i c a n c e  a t  t h e  .01  l e v e l  i s  5 °32 ,  
w h i l e  3 .2 9  i s  t h e  r e q u i r e d  r a t i o  a t  t h e  . 0 5  l e v e l  o f  c o n f i d e n c e .
TABLE I I ANALYSIS OF VARIANCE FOR BASAL MEASURES
S o u r c e  o f  
V a r i a t i o n d f
Sum o f  
S q u a re  s
Mean
S q u a r e s " F " r a t i o
"Betw een"  g r o u p s 2 1 , 7 0 2 . 0 5 8 5 1 .0 3
" W i t h i n "  g r o u p s 33 2 3 , 3 0 2 , 8 4 7 0 6 .1 5 *1 . 2 0 5
T o t a l 35 2 5 , 0 0 4 . 8 9
*Not . s i g n i f i c a n t a t  .0 5  l e v e l
The F r a t i o  o f  1 .2 0 5  i s  w e l l be low  t h e  3 .2 9 F r a t i o
r e q u i r e d  t o  show s i g n i f i c a n c e  a t  t h e ,0 5 l e v e l  o f  c o n f i d e n c e .
TABLE I I I  ANALYSIS OF 'VARIANCE FOR RON--COMPETITIVE MEASURES
S o u r c e  o f  
V a r i a t i o n d f  .
Sum o f  
S q u a r e s
Mean
.S q u a r e s "F ." . ra t lo
"B etw een"  g r o u p s 2 24 ,5 .64 .26 1 2 , 2 8 2 . 1 3
" W i th in "  g r o u p s 33 1 5 , 5 9 5 . 9 6 4 7 2 .6 0 * 2 5 .9 9
T o t a l 35 ' 4 0 , 1 6 0 . 2 2
■ ^ S i g n i f i c a n t  a t  t h e  .01  l e v e l
TABLE IV ANALYSIS OF VARIANCE
2k
FOR COMPETITION
S o u rc e  o f Sum o f Mean
'V a r ia n c e d f S q u a r e s . S q u a r e s . "F" . . rat io.
" B e tw een1 g r o u p s 2 ^ , 0 7 9 . 3 9 2 , 0 3 9 . 7 0
" W i th in "  g r o u p s 33 6 ,598 ,3 .5 1 5 9 .9 5
1—1 
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 • 
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1—1■a.
T o t a l 35 1 0 , 6 7 7 . 7 ^
^ S i g n i f i c a n t  a t  t h e  ,01  l e v e l
The o ne -w ay  a n a l y s i s  o f  v a r i a n c e  showed t h a t  a s i g n i f ­
i c a n t  d i f f e r e n t  o c c u r r e d  i n  b o t h  t h e  c o m p e t i t i v e  m e a s u r e s  and  
t h o s e  o b t a i n e d  d u r i n g  t h e  p r a c t i c e  - s e s s i o n s .  The "F" r a t i o  
o f  2 5 .9 9  o b t a i n e d ,  .from t h e  p r a c t i c e  m e a s u r e s _ a n d .  1 0 . 2 0  "F" 
r a t i o  o b t a i n e d '  w i t h i n  t h e  c o m p e t i t i v e  . .measures, s u r p a s s e s  t h e  
5 .3 2  r e q u i r e d  f o r  t h e  s i g n i f i c a n c e  a t  t h e  ,01  l e v e l  o f  c o n f i d e n c e .
TABLE V SCHEFFE ’ POST-MORTEM' TEST OBTAINED FROM 
COMPETITIVE AND NON-COMPETITIVE DATA
C o m p e t i t i o n  . . N o n - C o m p e t i t io n
P re -w a rm -u p  -  p o s t - w a r m - u p  ,77
Pre-warm-up '.  -  p o s t - e x e r c i s e  * 1 0 ,7 3
P o s t -w a r m - u p  -  p o s t - e x e r c i s e  * 1 8 ,7 5
* S ' i g n i f l c a n t ' a t  t h e  ,01  " l e v e l  o f  c o n f i d e n c e '
* 3 6 ,5 1
.15
*^ 1„30
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R e s u l t s  o f  t h e  S c h e f f e  t e s t  a s  shown i n  T a b le  V i n d i c a t e  
a s t r o n g  t r e n d  where  d i f f e r e n c e s  do o c c u r  i n  e ac h  s e r i e s  o f  mea­
s u r e s .  D u r i n g  C o m p e t i t i o n  a  s i g n i f i c a n t  change  i s  n o t e d  b e tw ee n  
p r e - w a r m - u p ,  and  p o s t - c o m p e t i t i o n ,  a n d  b e tw e e n  p o s t - w a r m - u p  and  
p o s t - c o m p e t i t i o n .  The d i f f e r e n c e  b e tw e e n  p re -w a rm -u p  a nd  p o s t ­
warm-up was n o t  s i g n i f i c a n t .  I n  t h e  n o n - c o m p e t i t i v e  m e a s u r e s ,  
t h e  d i f f e r e n c e s  e x i s t e d  b e tw e e n  p r e - w a r m - u p  and  p o s t - w a r m - u p „
No s i g n i f i c a n t  d i f f e r e n c e  was n o t e d  b e tw e e n  p re -w a rm -u p  and  
p o s t - e x e r c i s e .  The d i f f e r e n c e  b e tw e e n  t h e  p o s t - w a r m - u p  and  
p o s t - e x e r c i s e  i s  s i g n i f i c a n t  a t  t h e  .01 l e v e l .
I n  c o n c l u d i n g  t h e  s t a i s t i c a l  t r e a t m e n t  o f  t h e  d a t a  a 
c o m p a r i s o n - w a s  made b e tw e e n  t h e  c o m p e t i t i v e  means-, and.  t h e  
p r a c t i c e  means i n  p r e - w a r m - u p ,  p o s t - w a r m - u p ,  and  p o s t - e x e r c i s e  
s c o r e s .  As t h e  num ber  o f  c a s e s  was s m a l l  t h e  S t u d e n t s  t  was 
s u b s t i t u t e d  f o r  t h e  Z s c o r e .  The m ethod  s e l e c t e d  t o  o b t a i n  
t h e  t ' s c o r e  was t h r o u g h  t h e  " D i f f e r e n c e  b e tw e e n  mean m e a s u r e s  
on c o r r e l a t e d  d a t a , "  (A ppend ix  A) .
The t  s c o r e s  o b t a i n e d  t h r o u g h  t h e  d i f f e r e n c e  o f  means
i s  shown i n  T a b le  W.'.. The s t u d e n t  t  r e q u i r e d  t o  show s i g n i ­
f i c a n c e  a t  t h e  .0 5  l e v e l  i s  2 ,2 0 ,  w h i l e  a t  o f  3..11 i s  r e q u i r e d
to  show s i g n i f i c a n c e  a t  t h e  .01  l e v e l .
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TABLE VI. .DIFFERENCE..B.ETMEEN -MEANS OF NON-COMPETITIVE
AND COMPETITIVE.... MEASURES
— —
P re -w a rm -u p P o s t -w arm -u p . . P o s t - E x e r c i s e
C om pet i t ion . 4o»o4 4 6 . 1 3 2 1 .1 3
N o n - C o m p e t i t i o n 1 5 .5 4 6 9 .1 7 • 1 2 .1 3
D i f f e r e n c e 2 4 .5 2 3 .0 4 9 .0 0
S t u d e n t ' s  t- * 4 . 9 3 2 .1 7 1 .9 1
^ S i g n i f i c a n t  beyond  .01  l e v e l
R e s u l t s  o f  t h e  c o m p a r i s o n  o f  the '  means f o r  t h e  two 
g r o u p s  i n  T a b le  V:I showed t h a t  t h e  o n l y  s i g n i f i c a n t  d i f f e r e n c e  
was i n  t h e  p r e - w a r m - u p  m e a s u r e s .  The s t u d e n t ’ s t  s c o r e  o f  
4 , 9 3  s u r p a s s e s  t h e  3 .1 1  w h ich  was r e q u i r e d  t o  show a  s i g n i f ­
i c a n t  d i f f e r e n c e  a t  t h e  .01  l e v e l  o f  c o n f i d e n c e  . in  t h e  i n c r e a s e d  
p a l m a r  sw e a t  a c t i v i t y  b e f o r e ,  c o m p e t i t i o n .  The s t u d e n t ’ s t  
s c o r e  was n o t  s i g n i f i c a n t  i n  c o m p a r in g  t h e  p o s t - w a r m - u p  m e a s u r e s  
b e tw ee n  t h e  means a l t h o u g h  t h e  o b t a i n e d  t  s c o r e  of.  2 .1 7  was 
c l o s e  t o  the.  2 . 2  r e q u i r e d  t o  show s i g n i f i c a n c e  a t  t h e  .05  
l e v e l  o f  c o n f i d e n c e . - .
D i s c u s s i o n  o f  R e s u l t s
The r e s u l t s  o f  t h i s  s t u d y  have b e e n  i n c o r p o r a t e d  i n t o  
T a b l e s  VII a n d  V I I I  r e s p e c t i v e l y .  T a b le  V U  r e p r e s e n t s  t h e  
mean p a l m a r  sw e a t  i n d e x  o b t a i n e d  d u r i n g  n o n - c o m p e t i t i v e  and
2?
c o m p e t i t i v e  e x e r c i s e , .  The o ne -w ay  . . a n a l y s i s  o f  v a r i a n c e ,  t h e  
S c h e f f e  pos t -m or tem - ,  and. t h e  s i g n i f i c a n t  s t u d e n t ’ s t  s c o r e  - 
have  b e en  i n c o r p o r a t e d  i n t o  . .Table V I I I .
TABLE VII  MEAN P . S . I .  DURING NON-COMPETITIVE AND
COMPETITIVE EXERCISE
P . S . I .  NON-COMPETITIVE EXERCISE
Pre-warmup 'EES^EEEE.
Pos t -w arm u p  =■=•=.= = =.=.=.=.=.=.=.=.=== = -.= = =.===:.=.= =.r== = = 6 9 .1 7
P o s t - e x e r c i s e  1 2 .1 3
P . S . I ,  COMPETITIVE EXERCISE
Pre-warmup ■ ■ ^ 0 .  05
P o s t - warmup z r ~ ~ ~ r r z t ; ~ 1 1 z " ^  3
Po-st—c o m p e t i t i o n  2 1 .1 3
TABLE V I I I  COMBINED STATISTICAL DATA INCLUDING BASAL SCORES, 
NON-COMPETITIVE AND COMPETITIVE EXERCISE
Tf
Pre-W-Up Post-W-Up P o s t - E x e r F
B a s a l  P r i n t s  6 5 .2 5
N o n - c o m p e t i t i v e  1 5 - 5 ^
y \V"
C o m p e t i t i o n  ^-0.05
;
63.  56 
6 9 . 1 7 ^
^ 6 . 1 3 ^
E8 .8 3
^ ^ 1 2 , 1 3  
__ ^ 2 1 .1 3
1 i 20
* 2 5 .9 9  
*1.0,2 0
V ' S i g n i f i c a n t  t  
S i g n i f i c a n t  P 
S i g n i f i c a n t  F '
beyond . 01 
beyond 01 
beyond  .01
l e v e l
l e v e l
l e v e l
I n  v i e w i n g  t h e  mean b a s a l  p r i n t s  ( T a b l e  V I I I )  i t  may 
be o b s e r v e d  t h a t  t h e  b a s a l  s c o r e s  were  l a r g e r  i n  a l l  i n s t a n c e s
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t h a n  t h e  m e a s u r e s  t a k e n  d u r i n g  c o m p e t i t io n - .  O f - t h e  n o n - c o m p e t ­
i t i v e  m e a s u r e s  t a k e n  d u r i n g  t h e  p r a c t i c e  s e s s i o n ,  t h e  p o s t ­
warm-up mean o f  6 9 .1  was t h e  o n l y  m ea su re  t o  e x ce d e  t h e  b a s a l  
scores,.... I n  t h i s  p a r t i c u l a r  s t u d y  t h e  b a s a l ,  p r i n t s  were  o b t a i n e d  
d u r i n g  a. Sunday s e s s i o n  d u r i n g . w h i c h  t h e  p h y s i c a l  e x e r t i o n  on 
t h e  p a r t ,  o f  t h e  a t h l e t e . w a s  m in i m a l ,  Sunday  was s e l e c t e d  a s ,  
t h e  p e r i o d  t o  o b t a i n  t h e  b a s a l  m e a s u r e s  a s  -the work s e s s i o n  
would  be m o d e r a te  and  i t  was a ssum ed  t h a t  t h e  a t h l e t e s  who a r e  ,
a l s o  f u l l  t im e  s t u d e n t s  would  ..be at., a  m in im a l  l e v e l  .of s t r e s s
a s  im posed  t h r o u g h  g e n e r a l . a c a d e m ic  p r e s s u r e s .  I n  c o n v e r s i n g  
w i t h  t h e  s u b j e c t s  i t  became a p p a r e n t  t h a t  t h e y  w e r e - o p p o s e d  
t o  t h e  Sunday  w o r k . s e s s i o n .  A l th o u g h  t h e  p h y s i c a l  e x e r t i o n  
was m in i m a l ,  t h e  a t h l e t e  p e r c e i v e d  t h e  w o r k - o u t , a s  a n  . . . i n f r i n g e ­
m ent  on h i s  f r e e  t i m e .  I n s t e a d  o f  s t r e s s  b e i n g  a t  a  m in im al  
l e v e l  on t h e  o f f - d a y  p a lm a r  sw e a t  a c t i v i t y  i n c r e a s e d , ,  v o i d i n g . 
t h e  b a s a l  m e a s u r e .  I n  t h e  i n i t i a l -  p l a n  f o r  t h e  s t u d y  t h e  
e f f e c t  o f  c o m p e t i t i v e  a n d .n o n - c o m p e t i t i v e  e x e r c i s e  was t o  be 
compared  /with  t h e  b a s a l  m e a s u r e s .
The S c h e f f e  p o s t - m o r t e m  t e s t  was a p p l i e d  t o  t h e  n o n -  
c o m p e t i t i v e  and  c o m p e t i t i v e  d a t a .  R e s u l t s  o f  t h e  S c h e f f e  
t e s t  showed ..a... s i g n i f i c a n t  i n c r e a s e  i n  t h e  d i f f e r e n c e  b e tw ee n  
t h e  p re -w arm -u p .  p a l m a r  sw e a t  i n d e x  .of 1 5 *5^ a n d t h e  p o s t - w a r m -  
up p a l m a r  sw e a t  i n d e x  o f  6 9 .1 7  p r e c e d i n g  n o n - c o m p e t i t i v e  
e x e r c i s e .  T h i s  i n c r e a s e  may be c o n t r i b u t e d  t o  the .  s u b j e c t s  
s t a t e  o f  " r e a d i n e s s "  a r o u s e d  t h r o u g h  t h e  warm-up a c t i v i t y ,
The i n c r e a s e  i n  p a lm a r  sw e a t  a c t i v i t y  f o l l o w i n g  warm-up o f
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6 9 .1 7  i s  f o l l o w e d  by a  s i g n i f i c a n t  p o s t - e x e r c i s e  d e c r e a s e  i n  t h e  
p a lm a r  sw ea t  i n d e x .  T h i s  l e n d s  some s u p p o r t  t o  t h e  c a t h a r t i c  
t h e o r y  a l t h o u g h  t h e  d i f f e r e n c e  i n  t h e  p a lm a r  sw e a t  index ,  b e t -  
/ween t h e  p r e - w a r m - u p  and t h e  p o s t - e x e r c i s e  s c o r e  was n o t  s i g -  
n i f  i c a n t  .
The r e s u l t s  o b t a i n e d  d u r i n g  c o m p e t i t i o n  ( T a b l e  V I I I )  
i n d i c a t e  t h a t  c a t h a r s i s ,  a s  d e f i n e d  by a r e d u c t i o n  i n  p a lm a r  
sw ea t  a c t i v i t y  e x i s t e d  when t h e  s u b j e c t s  a c t i v e l y  engaged  i n  
c o m p e t i t i v e  e x e r c i s e .  The d e c r e a s e  i n  t h e  pre-?warm-up p a lm a r  
sw ea t  ...index o f  4o„ 05 and  t h e  p o s t - c o m p e t i t i v e  p a lm a r  sw e a t  
in d e x ,  of. 21 .13 .  was s i g n i f i c a n t  a t  t h e  .0,1, l e v e l  o f  c o n f i d e n c e .  
The d i f f e r e n c e  b e tw e e n  t h e  p o s t - w a r m - u p  p a lm a r  sw ea t  i n d e x  o f  
^'6 .1 3  and  t h e  p o s t - c o m p e t i t i v e  p a lm a r  s w e a t , i n d e x  o f  2 1 .1 3  was 
a l s o  s i g n i f i c a n t  a t  t h e  .01  l e v e l  o f  c o n f id e n c e . .  The d i f f -  
f e ren .ce  be tween ' t h e  p r e 1 and t h e  p o s t - w a r m - u p  m e a s u r e s  . .during 
c o m p e t i t io n ,  was n o t  s i g n i f i c a n t  a s  i n  t h e  p r a c t i c e - s e s s i o n ' .
The c a t h a r s i s ..noted  b e tw e e n  p re -w a rm -u p  and  p o s t - c o m p e t i t i o n  
and  t h e  d e c r e a s e  b e tw e e n  p o s t - w a r m - u p  and. p o s t - c o m p e t i t i o n  
s u p p o r t s  t h e  c a t h a r t i c  t h e o r y  o f  s p o r t s  p r e s e n t e d  by D o l l a r d  ‘ 
(26).,  and L o re n z  and  S t o r r  ( 3 ) .  The r e s u l t s  t e n d e d  t o  d i s ­
a g r e e  w i t h  s t u d i e s  by B e r k o w i tz  ( 3 , *0 and  Ryan ( 2 6 ) .
However, t h e  c a t h a r s i s  no ted ,  .d u r in g . . . c o m p e t i t iv e  
e x e r c i s e  was . u n d o u b t e d l y  r e l a t e d  to .  t h e  c o m p e t i t i o n  i t ­
s e l f ,  D i f f e r e n c e s  b e tw e e n  n o n - c o m p e t i t i v e  and  c .o m p e t i t iv e  
m e a s u r e s  were  t e s t e d  by  u s i n g  t h e  s t u d e n t  t .  R e s u l t s  
o b t a i n e d  fo u n d  t h a t  t h e  o n l y  s i g n i f i c a n t  d i f f e r e n c e  was i n  
t h e  p r e -w a rm -u p  m e a s u r e s .  The i n c r e a s e  i n  p a lm a r  sw ea t
a c t i v i t y  o f  ^ 0..05 p r e c e d i n g  c o m p e t i t i o n  was s i g n i f i c a n t l y  h i g h e r  
t h a n  t h e  p r e -w a rm -u p  p a lm a r  sw e a t  i n d e x  o f  1 5 *5^  d u r i n g  t h e  p r a c  
t i c e  s e s s i o n .  R e s u l t s  o f  t h i s  t e s t  i n d i c a t e  t h a t  p r e c e d i n g  com­
p e t i t i o n  t h e  p a lm a r  sw ea t  a c t i v i t y  i n c r e a s e s ,  show ing  a s t a t e  
o f  a r o u s a l ,  a t  a n  e a r l i e r  p o i n t ,  than. . . .during the., pra.c.tice,.. s e s s i o n .  
I t  may .be p o s t u l a t e d  t h a t  t h i s  s t a g e  o f  a r o u s a l  was. . a c h i e v e d  
d u r i n g  ...the . p r a c t i c e  s e s s i o n  a f t e r  t h e  warm-up.  . '
I n  r e l a t i o n  t o  t h e  d a t a  o b t a i n e d  t h e r e  was no e v i d e n c e  
w h ich  would  s u g g e s t  t h a t  t h e  c a t h a r s i s  would, r e d u c e  o t h e r  s t r e s s  
s i t u a t i o n s ,  a s  t h e o r i z e d . b y  B o l l a r d  ( 2 6 ) ,  L o ren z  and  S t o r r  (3 )»
CHAPTER IV.
SUMMARY,. CONCLUSIONS, AND RECOMMENDATIONS
Summary
I t  was t h e  . .pu rpose  o f  t h i s  s t u d y  t o  i n v e s t i g a t e  t h e  
e f f e c t  o f  c o m p e t i t i o n  and  t h e  e f f e c t  o f  p h y s i c a l ,  t r a i n i n g  , 
w i t h o u t  . . c o m p e t i t io n  on .p a lm a r  sw ea t  a c t i v i t y ,  A p r i m a r y  
c o n c e r n  was .to se e  i f  a  d e c re a se . ,  i n  p a lm a r  sw e a t  a c t i v i t y  
w o u ld . .o c cu r  b e tw ee n  t h e  b e g i n n i n g  o f  e x e r c i s e  .and... t h e  com­
p l e t i o n  o f  . . . exe rc ise  d u r i n g ,  c o m p e t i t i o n  .and . d u r i n g  t h e  . p r a c ­
t i c e  s e s s i o n . .  I t  i s  a ssum ed  t h a t  t h e  d e c r e a s e  would i n d i c a t e  
c a t h a r s i s  h a d .o c c u r r e d .
' Twelve s u b j e c t s  were  s e l e c t e d  f rom t h e  U n i v e r s i t y  o f  
Montana Track '  t eam .  The p a l m a r ■sw ea t  t e s t  was a d m i n i s t e r e d  
t o  e ac h  'o f  t h e  t w e l v e  s u b j e c t s  on f i v e  o c c a s i o n s .  Phase  one 
was a s e r i e s . o f  t h r e e  p r i n t s  o b t a i n e d  d u r i n g  a Sunday  s e s s i o n  
i n  w h ich  p h y s i c a l  e x e r t i o n  was . .minimal, „A .basal  s c o r e  ( l a t e r  
d i s c a r d e d . )  ...was o b t a i n e d  from t h i s  s e r i e s .  The s e co n d  ..and 
t h i r d  phase ,  o f  t h e  s t u d y  i n v o l v e d  t h e  c o l l e c t i o n  o f  a s e r i e s  
o f  t h r e e  ...palmar sw e a t  p r i n t s  from, e a c h  sub  j e c t  d u r i n g  two 
c o m p e t i t i v e . . t r i a l s . ,  and  d u r i n g ,  two p r a c t i c e . . . s e s s i o n s  i n  
w h ic h  t h e  . s u b j e c t  t r a i n e d  b u t  d i d . n o t ..compete.. . The. p r i n t s  
were  tak en . ,  be f o r e  warm-up,  a f t e r  warm-up and  a t  t h e  co n ­
c l u s i o n ' o f  . c o m p e t i t i o n  o r  t r a i n i n g .
The p a l m a r  sw e a t  p r i n t s  o b t a i n e d  d u r i n g . t h e  .two 
p r a c t i c e  . s e s s i o n s  and  t h e  two p e r i o d s  o f  c o m p e t i t i o n  were
com bined ,  a l l o w i n g  f o r  a n  a v e r a g e  t o  be o b t a i n e d  from e ac h  
p a i r .  A..-.o'ne-way. a n a l y s i s  o f  v a r i a n c e  was t h e n  employed to  
d e t e r m i n e  i f  s i g n i f i c a n t  c h a n g e s  o c c u r r e d  b e tw ee n  t h e  p r i n t s
i n  e a r h  o f  t h e ’, t h r e e  s e r i e s .  T h e re  was no s i g n i f i c a n t  change
i n  t h e . b a s a l  p r i n t s ,  w h i l e  t h e  c o m p e t i t i v e  and  p r a c t i c e  s e r i e s  
e a c h  showed s i g n i f i c a n c e  a t  t h e  .01  l e v e l  o f  c o n f i d e n c e .
Where . s i g n i f i c a n c e  w a s . n o t e d  t h e  S c h e f f e  p o s t - m o r t e m  t e s t  
was a d m i n i s t e r e d  t o  f i n d  where  t h e  d i f f e r e n c e  d i d  o c c u r .
D u r i n g  c o m p e t i t i o n  t h e  change,  i n  p a l m a r  s w e a t  a c t i v i t y  was
s i g n i f i c a n t  b e tw e e n  t h e  p re -w a rm -u p  t o  p o s t - c o m p e t i t i o n ,  and  
f  rom . t h e  p o s t  warm-up t o  p o s t - e x e r c i s e , .  S i g n i f  i c a n c e , , ;a t  t h e  
,01  l e v e l  o f  c o n f i d e n c e  was a l s o  a p p a r e n t  i n  m e a s u r e s  t a k e n  
d u r i n g : t h e  p r a c t i c e  s e s s i o n s .  Changes  were  s i g n i f i c a n t  f rom 
p re -w a rm -u p  t o  p o s t - w a r m - u p ,  and  b e tw e e n  p o s t - w a r m - u p  t p  
p o s t - e x e r c i s e . .  F o l l o w i n g  t h e  a n a l y s i s  o f  v a r i a n c e  a  t  s c o r e  
was o b t a i n e d ,  i n  c o m p a r in g  t h e  means, b e tw e e n  c o m p e t i t i v e  mea­
s u r e s  and  t h o s e  t a k e n  d u r i n g  t h e  p r a c t i c e  s e s s i o n s .  The o n l y  
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s i g n i f i c a n c e  n o t e d  i n '  t h i s  c o m p a r i s o n  was t h e  d i f f e r e n c e s  
be tw een  t h e  p r e - w a r m - u p  m e a s u r e s .  The s t u d e n t  t  o f  4 , 9 3  f o r  
t h i s  d i f f e r e n c e  .was s i g n i f i c a n t '  a t  t h e  .,01 . . leve l  o f  c o n f i d e n c e  
showing., a s i g n i f i c a n t  i n c r e a s e  i n  p a l m a r  s w e a t i n g ,  p r e c e d i n g  
c o m p e t i t i o n , .  The t  s c o r e  b e tw ee n  t h e  two pos t -w arm -.up  m ea su re  
and  t h e  p o s t - e x e r c i s e  t o  p o s t - c o m p e t i t i o n  d i d  n o t  show a 
s i g n i f i c a n t  d i f f e r e n c e .
C o n c l u s i o n s
On t h e  b a s i s  o f  t h e  r e s u l t s  o f  t h i s  s t u d y ,  t h e  f o l l o w i n g  
c o n c l u s i o n s  were  made.
•'3
1 .  ' T h e re  was a  s i g n i f i c a n t  d e c r e a s e  i n  p a l m a r  sw ea t  
a c t i v i t y  b e tw ee n  p r e - w a r m - u p  and  p o s t - c o m p e t i t i o n .
2 .  T h e re  was a  s i g n i f i c a n t  d e c r e a s e  i n  p a l m a r  sw ea t  
a c t i v i t y  b e tw ee n  p o s t - w a r m - u p  and  p o s t - c o m p e t i t i o n .
3. T h ere  was no s i g n i f i c a n t  change  i n  p a lm ar ,  sw ea t  
a c t i v i t y  b e tw ee n  p r e - w a r m - u p  and  pos t -w arm -up ,  d u r i n g  c o m p e t i t i o n .
T h e re  was a  s i g n i f i c a n t  i n c r e a s e  i n .  p a l m a r . sw ea t  
a c t i v i t y  b e tw ee n  p r e -w a rm -u p  and  p o s t - w a r m - u p  d u r i n g  t h e  p r a c ­
t i c e  s e s s i o n .
5. T h e re  was a  s i g n i f i c a n t  d e c r e a s e  i n  p a l m a r  sw ea t  
a c t i v i t y  b e tw ee n  p o s t - w a r m - u p  and  p o s t - e x e r c i s e  d u r i n g  t h e  
p r a c t i c e  s e s s i o n .
6 .  T h e re  was no s i g n i f i c a n t  change  i n  p a l m a r  sw ea t  
a c t i v i t y  b e tw e e n  p ' re -warm -up  and  p o s t - e x e r c i s e  d u r i n g  t h e  
p r a c t i c e  s e s s i o n .
7 .  T h e re  was no s i g n i f i c a n t " d i f f e r e n c e  when t h e  
p r a c t i c e  p o s t - w a r m - u p  and  p o s t - e x e r c i s e  were  c o m p a r e d  w i t h  
t h e  c o m p e t i t i v e  p o s t - w a r m - u p  and  p o s t - d o m p e t i t i o n .
8 .  There ,  was a  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  
p r e - w a r m - u p  d u r i n g  c o m p e t i t i o n  a n d  t h e . p r e ^ w a r m - u p  p a l m a r  ■ 
sw ea t  s c o r e  r e c o r d e d  d u r i n g  t h e  p r a c t i c e  s e s s i o n .
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Recommendations
I n  v iew  o f  t h e  r e s u l t s  and  c o n c l u s i o n s ,  d r a w i  from 
t h i s  s t u d y  t h e  f o l l o w i n g  r e c o m m e n d a t io n s  have  b e en  made:
1 .  F u r t h e r  r e s e a r c h  i s  r e q u i r e d  t o  c l a r i f y  t h e  
c i r c u m s t a n c e s  w h ic h  c a u s e  a n  i n c r e a s e  o r  a  d e c r e a s e  i n  
p a lm a r  sw e a t  a c t i v i t y .  A c o r r e l a t i o n  be tw ee n  p a lm a r  sw e a t  
a c t i v i t y  and  t h e  s e c r e t i o n  o r  e x c r e t i o n  o f  1 7 - k e t o g e n i c  
s t e r o i d  would  be b e n e f i c i a l .  A lso  o f  i n t e r e s t  would  be 
t h e  r e l a t i o n s h i p ■o f - a d r e n a l i n  o r  n o r - a d r e n a l i n  s e c r e t i o n  
on p a lm a r  sw e a t  a c t i v i t y .
2. A d d i t i o n a l  s t u d i e s  c o m p a r i n g ' p a l m a r  sw e a t  a c t ­
i v i t y  i n  t h e  n o n - a t h l e t e  d u r i n g  c o m p e t i t i v e  and  n o n - c o m p e t ­
i t i v e  e x e r c i s e  would  be: b e n e f i c i a l .
3 . I t  would  be  b e n e f i c i a l  t o  i n c l u d e  a l a r g e r  number  
o f  t r i a l s  i n  t h e  s t u d y .  From t h i s  t h e  p a l m a r  sw e a t  a c t i v i t y  
c o u l d ' b e  c o r r e l a t e d  w i t h . t h e  i n d i v i d u a l ’ s s u c c e s s  d u r i n g  
c o m p e t i t i o n  a s  w e l l  a s  h i s  l e v e l  o f  a s p i r a t i o n .
4 .  F u r t h e r  s t u d i e s  s h o u l d  be c o n d u c t e d  a l o n g  t h i s  
l i n e  w i t h  more, e m p h a s i s  on o b t a i n i n g  a  s e r i e s  o f  r e l i a b l e  
b a s a l . p r i n t s .  I n  d o i n g . t h i s  t h e  d e c r e a s e  b e f o r e  warm-up 
i n  t h i s  s t u d y  c o u ld  p e r h a p s  be e x p l a i n e d  more f u l l y .
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APPENDIX A
APPENDIX A 
STATISTICAL ANALYSIS
Form ula  f o r  One Way A n a l y s i s  o f  V a r i a n c e :  
The "Between" sum o f  s q u a r e s
n n
W h e re ;
X  = " b e tw een "  sum o f  s q u a r e s .
<r X = t o t a l  sum o f  s q u a r e s  i n  e a c h  g ro u p
n  d i v i d e d  by number  o f  s u b j e c t s  i n  e a c h ,
= sum o f  t o t a l  s c o r e s  s q u a r e s  d i v i d e d  by
■— 7̂ t o t a l  number  i n  sam p le , . .
The " W i th in "  sum o f  s q u r e s  7
<  -  =  *- _X ^——X\ jT)
W h ere :
EE^X^ ~ " w i t h i n "  sum o f  s q u r e s
~ sum o f  s q u r e s  o f  g ro u p  s c o r e s
i£ - X l -  sum o f  the-  s q u r e s  o f  t h e  i n d i v i d u a l  • 
n  s c o r e s  d i v i d e d  by  number  i n  e a c h  g r o u p .
T h e ’F - T e s t .
F = -mean s q u a r e s  f o r  "b e tw e e n "  g r o u p s  /  mean 
s q u a r e s  f o r  " w i t h i n "  g r o u p s ,  . .
The F  v a l u e  was fo u n d  i n  t h e  t a b l e  o f  F D i s t r i b u t i o n  
( 3 6 ) .  To o b t a i n  t h e ’. v a lu e  o f  t h e  r e q u i r e d  F f o r  ' 
s i g n i f i c a n c e " a t  t h e  ,0 5  o r  t h e  ,01 l e v e l  i n  t h e  t a b l e  
f o r  df£  = ( k - l )  a n d  d f 2 = (N.-K),
^1
Form ula  f o r  T e s t i n g  t h e  S i g n i f i c a n c e  o f  t h e  D i f f e r e n c e  Between
Means When D a ta  i s  C o r r e l a t e d !
( 1)  (2)  (3)  ( M
X Y D, D
51
52 
S12
1 .  Column t h r e e . i s  t h e  d i f f e r e n c e  B e tw een  1 and 2,
The d i r e c t i o n  i n  w h ich  you B e g in  . s u b t r a c t i n g  s h o u l d  
Be c o n t i n u e d  t h r o u g h  t h e  p r o b le m .
2. Sum t h e  column o f  d i f f e r e n c e s .  T h i s  sum d i v i d e d  b y .
t h e  number  o f  p a i r s  i s  e q u a l  t o  t h e  mean d i f f e r e n c e .
3. Compute su m .o f  s q u a r e s  f o r  D.
d  *  -
A /
F in d  s t a n d a r d  d e v i a t i o n ,  o f  t h e s e  d i f f e r e n c e s .
S P  z 7  ^1 A /
5. The s t a n d a r d  e r r o r  o f  t h e  mean d i f f e r e n c e  i s  t h e n  fo un d ,
&  tr P - T
6„ The t  s c o r e  may now Be d e t e r m i n e d
t  = Mean d i f f e r e n c e  /  s t a n d a r d  e r r o r  o f  t h e  mean
d i f f e r e n c e .
The t  v a l u e  was t h e n  fou n d  i n  t h e  T a b l e  o f  D i s t r i b u t i o n  
o f  t  p r o b a b i l i t y  ( 3 6 ) and  w i t h  t h e  a p p r o p r i a t e  d e g r e e s  
o f  f r ee d o m  t h e  s i g n i f i c a n t  l e v e l  was r e a c h e d .
^2
Form ula  f o r  S c h e f f e  P o s t -M o r te m  C o m p ar i so n s :
F = (X1 -  X9 ) 2
Sw^(n^ -  n 2 ) /  n-j_ n ^
X^ = Mean o f  g ro u p  one
X£ =.Mean o f  g ro u p  two 
2
Sw = " w i t h i n "  sum o f  s q u a r e s  
n-j_ = number  i n  f i r s t  g ro u p  
n 2 = number  i n  s e co n d  g ro u p
F* .= (k  -  1)  F
F = r e q u i r e d  F v a l u e  f rom  F D i s t r i b u t i o n  t a b l e  
K = num ber  o f  g r o u p s
F o r  ariy. d i f f e r e n c e  t o  be  s i g n i f i c a n t  a t  t h e  r e q u i r e d  
l e v e l , ,  F m u s t  be g r e a t e r  t h a n  o r  e q u a l  t o  t h e  F* ( 3 6 ) .
